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ABOUT THIS MANUAL 


One of the major problems facing workers in the electronics field is the 
identification and selection of semiconductor devices. Type numbers them- 
selves are of little value since they indicate neither device parameters nor ap- 
plications. Because it is difficult even to identify the many thousands of.de- 
vice type numbers, let alone evaluate their merits fora particular application, 
engineers often limittheir designs to a few well-known device types -- despite 
the fact that newer or more suitable devices may be available. 


This manual covers the entire line of Motorola semiconductor products -- 
one of the most extensive in the industry. It includes specifications for semi- 
conductor devices, including zener and reference diodes, rectifiers, varactors, 
voltage -variable capacitors, controlled rectifiers, transistors, integrated cir- 
cuits and a variety of other standard and special devices that make up today's 
semiconductor complement. It is intended to simplify the selection of the 
most uSeful‘type numbers for a given application. Accordingly, it contains 
a number of selector charts, as well as pertinent electrical specifications for 
the Motorola product line. Properly used, it can be a useful toolforthe design 
engineer, the component engineer, and the purchasing agent in narrowing the 
broad categories of potentially useable components to those best suited for a 
specific project. 
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HOW TO USE THE MOTOROLA SEMICONDUCTOR DATA MANUAL 


The manual is designed to serve three specific functions: 
1. To permit quick selection of the most suitable devices for a specific 
application; 
2. To permit quick selection of the devices that best meet a given set of 
electrical specifications; 
3. To permit quick identification of a particular device number. 


To accomplish this, the manual is divided into 10 main sections: 


1. Zener diodes, temperature compensated reference diodes and refer- 
ence amplifiers 

Rectifiers 

Varactors, voltage-variable capacitors, 4-layer diodes and RF diodes 


Silicon controlled rectifiers and gate controlled switches 
Power transistors 

Low-power, low-frequency transistors | 

High-frequency transistors 

Special and multiple transistors 


Circuit assemblies 
Integrated circuits. 


peed 
oat 


Each of these sections contains data-sheet specifications of suitable device 


types, preceded by applicable selection charts. 


An introductory section in the front of the book contains general data such 
as a complete numerical-alphabetical listing of device types, military device 
type listings, Meg-A-Life and Meg-A-Life II high-reliability device listings 
and case outlines. 


HOW TO SOLVE YOUR SEMICONDUCTOR DEVICE SELECTION PROBLEMS 


1. Known: Device type number 
Needed Information: Identification, applications, and specifications 


Procedure: Locate device type number in numerical - alphabetical 
listing (Page 1-2) and turnto the page number given for complete data. 


2. Known: Desired application or device parameters. 


Needed Information: Specific type numbers of devices to fit known 
application or parameters. 


Procedure: Turn to subsection covering desired devices, (e.g. , tran- 
sistors; low-frequency, high-power). Consult appropriate Quick Sel- 
lection Chart for device types recommended for your application, or 
units closely approaching the required parameters. Locate device 
type number listed in alphabetical- numerical order within subsection 
for more detailed specifications. 
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—— Alpha-Numerical Device Listing 


DEVICE INDEX 


The semiconductor devices listed in this manual are arranged in product 
groups such as high-frequency transistors, zener diodes and integrated cir - 
cuits. While this arrangement should best serve the needs of most users of 
this manual, there are occasions when it will be necessary to locate a device 
known only by type number. The following index, arranged in alpha-numeric 
order, will fill this need. 


DEVICE LISTING 


Device Type Page Device Type Page Device Type Page 


1/4M2, 4AZ 1/4M17Z 
1/4M2. TAZ 
1/4M3. 0AZ 
1/4M3. 3AZ 
1/4M3. 6AZ 
1/4M3. 9AZ 
1/4M4, 3AZ 
1/4M4. TAZ 
1/4M5. 1AZ 
1/4M5, 6AZ 
1/4M6. 2AZ 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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1/4M6, 8Z 
1/4M7.5Z 
1/4M8, 2Z 
1/4M9. 1Z 


— -1/4M10Z 


1/4M11Z 
1/4M12Z 
1/4M13Z 
1/4M14Z 
1/4M15Z 
1/4M16Z 


1/4M18Z 
1/4M19Z 
1/4M20Z 
1/4M22Z 
1/4M24Z 
1/4M25Z, 
1/4M27Z 
1/4M30Z 
1/4M33Z 
1/4M36Z 


NNO NNNNNWNMN DW 
' ft 4 I I ' 4 i 
DAIANDADAANAAMND 


ONMNMNMN NN WH DW DD Po 
re en | t 
DAADDADMH DOH MD OH HD OH 
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DEVICE LISTING (continued) 


3 /4M82Z 1M3.9ZS 
3/4M91Z 1M4. 3ZS 
3/4M100Z 1M4.7ZS 
3/4M110Z 1M5.1ZS 
3/4M120Z 1M5.6ZS 
3 /4M130Z 1M6.2ZS 
3 /4M150Z 1M6. 8ZS 
3 /4M160Z 1M7.5ZS 
3/4M180Z 1M8.2ZS 
3 /4M200Z 1M9.1ZS 
1M6. 8Z 1M10ZS 
1M7. 5Z 1M11ZS 
1M8. 2Z 1M12ZS 


1/4M39Z 
1/4M43Z 
1/4M45Z 
1/4M47Z 
1/4M50Z 
1/4M52Z 
1/4M56Z 
1/4M62Z 
1/4M68Z 
1/4M75Z 
1/4M82Z 
1/4M91Z 
1/4M100Z 


1/4M105Z 
1/4M110Z 
1/4M120Z 
1/4M130Z 
1/4M140Z 
1/4M150Z 
1/4M175Z 
1/4M200Z 
3/4M6. 8Z 
3/4M7. 5Z 
3/4M8. 2Z 
3/4M9. 1Z 
3/4M10Z 
—3/4M11Z 
3/4M12Z 
3/4M13Z 
3/4M13Z 
3/4M15Z 
3 /4M16Z 
3 /4M18Z 
3/4M20Z 
3 /4M22Z, 
3/4M24Z 
3/4M27Z 
3/4M30Z 
3/4M33Z 
3 /4M36Z 
3/4M39Z 
3 /4M43Z 
3 /4M47Z 
3/4M51Z 
3/4M56Z 
3 /4M62Z 
3 /4M68Z, 
3/4M75Z 
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1M9. 1Z 
1M10Z 
1M11Z 
1M12Z 
1M13Z 
1M15Z 
1M16Z 
1M18Z 
1M20Z 
1M22Z 
1M24Z 
1M27Z 
1M30Z 
1M33Z 
1M36Z 
1M39Z 
1M43Z 
1M47Z 
1M51Z 
1M56Z 
1M62Z 
1M68Z 
IM75Z 
1M82Z 
1M91Z 
1M100Z 
1M110Z 
1M120Z 
1M130Z 
1M150Z 
1M160Z 
1M180Z 
1M200Z 
1M3.3ZS 
1M3. 6ZS 


1-3 


1M13ZS 
1M15ZS 
1M16ZS 
1M18ZS 
1M20ZS 
1M22ZS 
1M24ZS 
1M27ZS 
1M30ZS 
1M33ZS 
1M36ZS 
1M39ZS 
1M43ZS 
1M47ZS 
1M51ZS 
1M56ZS 
1M62ZS 
1M68ZS 
1M75ZS 
1M82ZS 
1M91ZS 
1M100ZS 
. 5M6. 8Z 
.5M7. 5Z 
. 5M8, 2Z 
.5M9. 1Z 
. 5M10Z 
.5M11Z 
.5M12Z 
.5M13Z 
. 5M15Z 
1.5M16Z 
1.5M18Z 
1. 5M20Z 
1.5M22Z 
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Alpha-Numerical Device Listing 


DEVICE LISTING (continued) 


Device Type —S_ Page Device Type Page Device Type § Page 


.oM24Z 2-22 10M30Z 2-15 V0M45Z 2-13 


.5M24Z 2-22 10M33Z 2-15 50M47Z 2-13 
.5M27Z, 2-22 10M36Z 2-15 50M50Z 2-13 
.5M30Z 2-22 10M39Z 2-15 50M51Z 2-13 
.5M33Z 229? 10M43Z 2-15 50M52Z, 2-13 
.5M36Z 2-22 10M47Z 2-15 50M56Z 2-13 
.5M39Z 2-22 10M50Z &§82-15 50M62Z 2-13 
.9M43Z = 2-992 10M51Z 2-15 50M68Z 2-13 
.5M47Z 2-22 10M52Z 2-15 50M75Z 2-13 
.5M51Z = 9-99 10M56Z 9-15 50M82Z 2-13 
.5M56Z, 2-22 10M62Z, 2-15 50M91Z 2-13 

2-22 10M68Z 2-15 50M100Z 2-13 
.5M68Z 2-22 10M75Z 2215 50M105Z, 2-13 
.5M75Z 2-22 10M82Z 2-15 50M110Z 2-13 
.5M82Z 2:99 10M91Z 2-15 50M120Z 2-13 


.5M91Z 2-22 
-09M100Z 2-22 
.59M110Z . 2-929 
»dM120Z 2-22 
.5M130Z 3299 
»d9M150Z 2-22 
.5M160Z 2-22 


10M100Z 2-15 
10M105Z 2-15 
10M110Z 2-15 
10M120Z 2-15 
10M130Z 2-15 
10M140Z 2-15 
10M150Z 2-15 


50M130Z 2-13 
50M 140Z (2-13 
50M150Z #8 2-13 
50M 160Z 2-13 
50M175Z 2-13 
50M180Z 2-13 
50M200Z 2-13 


e 
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.5M180Z 2-22 10M160Z 2-15 1N248B 3-8 
.5M200Z 2-22 10M180Z 2-15 1N248C 3-8 
10M3.9AZ 2-24 10M200Z 2-15 1N249B 3-8 
10M4.3AZ 2-24 50ME6. 8Z 2-13 1N249C 3-8 
10M4.7AZ 2-24 50M7.5Z 2-13 1N250B 3-8 
10M5.1AZ 2-24 50M8, 2Z 2-13 1N250C 3-8 
10M5.6AZ 2-24 50M9. 1Z 2-13 1N429 2-31 
10M6.2AZ 2-24 50M10Z 2-13 1N702 2-8 
10M6.8AZ 2-24 50M11Z 2-13 1N703 2-8 
10M7.5AZ 2-24 50M12Z, 2-13 1N704 2-8 
10M6. 8Z 2-15 50M13Z 2-13 1N705 2-8 
10M7.5Z 2-15 50M14Z 2-13 1N706 2-8 
10M8. 2Z 2-15 50M15Z 2-13 IN707 2-8 
10M9. 1Z 2~15 50M16Z 2-13 1N708 2-8 
10M10Z 2-15 50M17Z 2213 1N709 2-8 
10M11Z 2-15 50M18Z 2-13 1N710 28 
10M12Z, 2-15 50M19Z 2-13 IN711 2:28 
10M13Z 2-15 50M20Z 2-13 1N712 2-8 
10M 14Z 2-15 50M22Z 2-13 1N713 2-8 
10M15Z eas: 50M24Z 2-13 1N714 2-8 
10M16Z 2-15 50M25Z 2-13 IN715 2-8 
10M18Z 2-15 50M27Z 2-13 1N716 2-8 
10M19Z 2-15 50M30Z 2-13 1N717 2-8 
10M20Z 2-15 50M33Z 2-13 1N718 2-8 
10M22Z 2-15 50M36Z 2-13 1N719 2-8 
10M24Z 2-15 50M39Z 2-13 1N720 2-8 
10M27Z 2-15 50M43Z 2-13 1N721 2-8 


ea 
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Device Type Page | Device Type Page 


DEVICE LISTING (continued) 
Device Type Page 


1N722 2-8 1N823 2-31 1N969 2-9 
1N723 2-8 1N823A 2-31 1N970 2-9 
1IN724 2-8 1N825 2-31 1IN971 2-9 
IN725 2-8 1N825A 2-31 IN972 2-9 
1N726 2-8 1N827 2-31 1N973 2-9 
1IN727 2-8 IN827A 2-31 1N974 2-9 
1N728 2-8 1N829 . 2-31 1N975 2-9 
1N729 2-8 1N829A 2-31 1N976 2-9 
1N730 2-8 1N935 2-31 1N977 2-9 
IN731 2-8 1N935A 2-31 1N978 2-9 
1IN732 2-8 1N935B 2-31 IN979 2-9 
IN733 2-8 1N936 2-31 1N980 2-9 
IN734 2-8 IN936A 2-31 1N981 2-9 
IN735 2-8 IN936B 2-31 1N982 2-9 
IN736 2-8 1N937 2-31 1N983 2-9 
IN737 2-8 IN937A 2-31 1N984 2-9 
1IN738 2-8 1N938 2-31 IN985 2-9 
1N739 2-8 IN938A 2-31 1N986 2-9 
1N740 2-8 1N938B 2-31 1N987 2-9 
IN741 2-8 1N939 2-31 1N988 2-9 
1IN742 2-8 1N939A 2-31 1N989 2-9 
1N743 2-8 1IN939B 2-31 1N990 2-9 
1N744 2-8 1N941 2-31 1N991 2-9 
IN745 2-8 IN941A 2-31 1N992 2-9 
1N746 2-8 1N941B 2-31 1N1124 3-10 
IN747 2-8 1N942 2-31 1N1124A 3-10 
1N748 2-8 1N942A 2-31 1N1125 3-10 
1N749 2-8 1N942B 2-31 1N1125A 3-10 
IN750° 2-8 1N943 2-31 1N1126 3-10 
IN751 2-8 IN943A 2-31 1N1126A 3-10 
IN752 2-8 1N943B 2-31 1N1127 3-10 
1N753 2-8 1N944 2-31 IN1127A 3-10 
IN754 2-8 1N944A 2-31 1N1128 3-10 
IN755 2-8 1N944B 2-31 1N1128A 3-10 
1N756 2-8 1N945 2-31 1N1183 3-10 
IN757 2-8 1N945A 2-31 1N1184 3-10 
1N758 2-8 1N945B 2-31 1N1185 3-10 
1IN759 2-8 1N957 2-9 1N1186 3-10 
IN761 2-9 1N958 2-9 1N1187 3-10 
IN762 2-9 1N959 2-9 1N1188 3-10 
IN763 2-9 1N960 2-9 1N1189 3-10 
1IN764 2-9 1N961 2-9 1N1190 3-10 
IN765 2-9 1N962 2-9 IN1191 3-8 
IN766 2-9 1N963 2-9 IN1192 3-8 
1N767 2-9 | 1N964 2-9 IN1193 3-8 
1IN768 2-9 1N965 2-9 IN1194 3-8 
IN769 2-9 1N966 2-9 IN1195 3-8 
1N821 2-31 1N967 2-9 IN1195A 3-8 
1N821A 2-31 1N968 2-9 1N1196 3-8 
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Device Type Page Device Type Page 


1N1510 1N1604 


1-6 


1N1196A 3-8 IN1511 2-11 
1N1197 3-8 1N1512 2-11 
IN1197A 3-8 1N1513 2-11 
1N1198 3-8 1N1514 2-11 
1N1198A 3-8 1N1515 2-11 
1N1313 2-10 1N1516 2-11 
1N1314 2-10 1N1517 2-11 
1N1315 2-10 1N1518 2-11 
1N1316 2-10 1N1519 2-11 
1N1317 2-10 1N1520 2-11 
1N1318 2-10 1N1521 2-11 
1N1319 2-10 1N1522 2-11 
‘1N1320 2-10 1N1523 2-11 
1N1321 2-10 1N1524 2-11 
1N1322 2-10 1N1525 2-11. 
1N1323 2-10 1N1526 2-11 
1N1324 2-10 1N1527 2-11 
1N1325 2-10 1N1528 2-11 
1N1326 2-10 1N1530 2-31 
1N1327 — 2-10 1N1530A 2-31 
1N1351 2-10 1N1563 3-12 
1N1352 2-10 1IN1563A 3-12 
1N1353 2-10 1N1564 3-12 
1N1354 2-10 1N1564A 3-12 
1N1355 2-10 1N1565 3-12 
1N1356 2-10 IN1565A 3-12 
1N1357 2-10 1N1566 3-12 
1N1358 2-10 IN1566A 3-12 
~1N1359 2-10 1N1567 3-12 
1N1360 2-10 IN1567A 3-12 
1N1361 2-10 1N1568 3-12 
1N1362 2-10 1N1568A 3-12 
1N1363 2-10 1N1588 2-11 
1N1364 2-10 1N1589 2-11 
1N1365 2-10 1N1590 2-11 
1N1366 2-10 1N1591 2-11 
1N1367 2-10 1N1592 2-11 
1N1368 2-10 1N1593 2-11 
1N1369 2-10 1N1594 2-11 
1N1370 2-10 1N1595 2-11 
1N1371 2-10 1N1596 2-11 
1N1372 2-10 1N1597 2-11 
1N1373 2-10 1N1598 2-11 
1N1374 2-10 1N1599 = 2-11 
1N1375 2-10 1N1600 2-11 
1N1507 2-11 1N1601 2-11 
1N1508 2-11 1N1602 2-11 
1N1509 2-11 1N1603 2-11 


1N1605 
1N1606 
1N1607 
1N1608 
1N1609 
1N1730 
1N1731 
1N1732 
1N1733 
1N1734 
1N1735 
1N1736 
1N1736A 
1N1737 
IN1737A 
1N1738 


1N1738A 


1N1739 
1N1739A 
1N1740 
1N1740A 
1N1741 
1N1741A 
1N1742 
1N1742A 
1N1765 
1N1766 
1N1767 
1N1768 
1N1769 
1N1770 
1N1771 
1N1772 
1N1773 
1N1774 
1N1775 
1N1776 
1N1777 
1N1778 
1N1779 
1N1780 
1N1781 
1N1782 
1N1783 
1N1784 
1N1785 
1N1786 
1N1787 
1N1788 
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2-11 
2-11 
2-11 
2-11 
2-11 
4-20 
4-20 
4-20 
4-20 
4-20 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 
2-11 


2-11 


2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
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Device Type Page Device Type Page Device Type Page 


1N1789 
1N1790 
1N1791 
1N1792 
1N1793 
1N1794 
1N1795 
1N1796 
1N1797 
1N1798 
1N1799 
1N1800 
1N1801 
1N1802 
1N1803 


1N2009 
1N2010 
1N2011 
1N2012 
1N2032 
1N2 033 
1N2034 
1N2035 
1N2036 
1N2037 
1N2038 
1N2039 
1N2040 
1N2041 
1N2042 


— 1N2623B 


1N2624 
1N2624A 
1N2624B 
1N2765 
IN2765A 
1N2766 
1N2766A 
1N2767 
IN2767A 
1N2768 
IN2768A 
1N2769 
IN2769A 
1N2770 


1N1804 1N2043 IN2770A 
1N1805 1N2044 1N2804 
1N1806 1N2045 1N2805 
1N1807 1N2046 1N2806 
1N1808 1N2 047 1N2807 
1N1809 1N2048 1N2808 
1N1810 1N2049 1N2809 
1N1811 1N2382 1N2810 
1N1812 1N2383 1N2811 
1N1813 1N2384 1N2812 
1N1814 1N2385 1N2813 
1N1815 1N2498 1N2814 
1N1816 1N2499 1N2815 
1N1817 1N2500 1N2816 
1N1818 1N2609 1N2817 
1N1819 1N2610 1N2818 
1N1820 1N2611 1N2819 
1N1821 1N2612 1N2820 
1N1822 1N2613 1N2821 
1N1823 1N2614 1N2822 
1N1824 1N2615 1N2823 
1N1825 1N2616 1N2824 
1N1826 1N2617 1N2825 
1N1827 1N2620 1N2826 
1N1828 1N2620A 1N2827 
1N1829 1N2620B 1N2828 
1N1830 1N2621 1N2829 
1N1831 IN2621A 1N2830 
1N1832 1N2621B 1N2831 
1N1833 1N2622 1N2832 
1N1834 1N2622A 1N2833 | 
1N1835 1N2622B 1N2834 
1N1836 7 1N2623 1N2835 
1N2008 IN2623A 1N2836 
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 1N2837 ~1N3009 2-15 — 1N3157 2-31 


1N2838 
1N2839 
1N2840 
1N2841 
1N2842 
1N2843 
1N2844 
1N2845 
1N2846 
1N2970 
IN2971 
1N2972 
1N2973 
1IN2974 
1N2975 
1N2976 
1N2977 
1N2978 
1N2979 
1N2980 
1N2981 
1N2982 
1N2983 
1N2984 
1N2985 
1N2986 
1N2987 
1N2988 
1N2989 
1N2990 
1N2991 
1N2992 
1N2993 
1N2994 
1N2995 
1N2996 
1N2997 
1N2998 
1N2999 
1N3000 
1N3001 
1N3002 
1N3003 
1N3004 
1N3005 
1N3006 
1N3007 
1N3008 


1N3010 
1N3011 
1N3012 
1N3013 
1N3014 
1N3015 
1N3016 
1N3017 
1N3018 
1N3019 
1N3020 
1N3021 
1N3022 
1N3023 
1N3024 
1N3025 
1N3026 
1N3027 
1N3028 
1N3029 
1N3030 
1N3031 
1N3032 
1N3033 
1N3034 
1N3035 
1N3036 
1N3037 
1N3038 
1N3039 
1N3040 
1N3041 
1N3042 
1N3043 
1N3044 
1N3045 
1N3046 
1N3047 
1N3048 
1N3049 
1N3050 
1N3051 
1N3154 


1N3154A 


1N3155 


IN3155A 


1N3156 


1N3156A 


2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-17 
2-17 


2-17 


2-17 
2-17 
2-17 
2-17 


2-17. 


2217 
2217 


(2-17 


2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 


2-17 


2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 
2-31 
2-31 
2-31 
2-31 
2-31 
2-31 


IN3157A 


1N3189 
1N3190 
1N3191 
1N3208 
1N3209 
1N32 10 
1N3211 
1N3212 
1N3213 
1N3214 
1N3282 
1N3283 
1N3284 
1N3285 
1N3286 
1N3305 
1N3306 
1N3307 
1N3308 
1N3309 
1N3310 
1N3311 
1N3312 
1N3313 
1N3314 
1N3315 
1N3316 
1N3317 
1N3318 
1N3319 
1N3320 
1N3321 
1N3322 
1N3323 
1N3324 
1N3325 
1N3326 
1N3327 
1N3328 
1N3329 
1N3330 
1N3331 
1N3332 
1N3333 
1N3334 
1N3335 
1N3336 
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1N3337 2-19 1N3687 2-20 1N3818 2-21 
1N3338 2-19 1N3688 2-20 1N3819 2-21 
1N3339 2-19 1N3689 2-20 1N3820 2-21 
1N3340 2-19 1N3690 2-20 1N3821 2-23 
1N3341 2-19 1N3691 2-20 1N3822 2-23 
1N3342 2-19 1N3692 2-20 1N3823 2-23 
1N3343 2-19 1N3693 2-20 1N3824 2-23 
1N3344 2-19 1N3694 2-20 1N3825 2-23 
1N3345 2-19 1N3695 2-20 1N3826 2-23 
1N3346 2-19 1N3696 2-20 1N3827 2-23 
1N3347 2-19 1N3697 2-20 1N3828 2-23 
1N3348 2-19 1N3698 2-20 1N3829 2-23 
1N3349 2-19 1N3699 2-20 1N3830 2-23 
1N3350 2-19 1N3700 2-20 1N3879 3-20 
1N3491 3-15 1N3701 2-20 1N3880 3-20 
1N3492 3-15 1N3702 2-20 1N3881 3-20 
1N3493 3-15 1N3703 2-20 1N3882 3-20 
1N3494 3-15 1N3785 2-21 1N3883 3-20 
1N3495 3-15 1N3786 2-21 1N3889 3-20 
1N3580 2-31 1N3787 2-21 1N3890 3-20 
1N3580A 2-31 1N3788 2-21 1N3891 3-20 
1N3580B 2-31 1N3789 2-21 1N3892 3-20 
1N3581 2-31 1N3790 2-21 1N3893 3-20 
IN3581A 2-31 1N3791 2-21 1N3993 2-24 
1N3581B 2-31 1N3792 2-21 1N3994 2-24 
1N3582 2-31 1N3793 2-21 1N3995 2-24 
1N3582A 2-31 1N3794 2-21 1N3996 2-24 
1N3582B 2-31 1N3795 2-21 1N3997 2-24 
1IN3611 3-17 1N3796 2-21 1N3998 2-24 
1N3612 3-17 1N3797 2-21 1N3999 2-24 
1N3613 3-17 1N3798 2-21 1N4000 2-24 
1N3649 3-18 1N3799 2-21 1N4001 3-23 
1N3650 3-18 1N3800 2-21 1N4002 3-23 
1N3659 3-18 1N3801 2-21 1N4003 3-23 
1N3660 3-18 1N3802 2-21 1N 4004 3-23 
1N3661 3-18 1N3803 2-21 1N4005 3-23 
1N3662 3-18 1N3804 2-21 1N4006 3-23 
1N3663 3-18 1N3805 2-21 1N4007 3-23 
1N3675 2-20 1N3806 2-21 1N4099 2-25 
1N3676 2-20 1N3807 2-21 1N4100 2-25 
1N3677 2-20 1N3808 2-21 1N4101 2-25 
1N3678 2-20 1N3809 2-21 1N4102 2-25 
1N3679 2-20 1N3810 2-21 1N4103 2-25 
1N3680 2-20 1N3811 2-21 1N4104 2-29 
1N3681 2-20 1N3812 2-21 1N4105 2-295 
1N3682 2-20 1N3813 2-21 1N4106 2-25 
1N3683 2-20 1N3814 2-21 1N4107 2-25 
1N3684 2-20 1N3815 2-21 1N4108 2-25 
1N3685 2-20 1N3816 2-21 1N4109 2-25 
1N3686 2-20 1N3817 2-21 1N4110 2-29 
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-1N4111 2-25 1N4729 2-28 1N4778 2-35 


1N4112 2-25 1N4730 2-28 1N4779 2-35 
1N4113 2-25 1N4731 2-28 1N4780 2-35 
1N4114 2-25 1N4732 2-28 1N4781 2-35 
1N4115 2-25 1N4733 2-28 1N4782 2-35 
1N4116 2-25 1N4734 2-28 1N4783 2-35 
1N4117 2-25 1N4735 2-28 1N4784 2-35 
1N4118 2-25 1N4736 2-28 2N173 6-16 
1N4119 2-25 1N4737 2-28 2N174 6-9 

1N4120 2-25 1N4738 2-28 2N176 6-11 
1N4121 2-25 1N4739 2-28 2N178 6-13 
1N4122 2-25 1N4740 2-28 2N242 6-15 
1N4123 2-25 1N4741 2-28 2N277 6-16 
1N4124 / 2-25 1N4742 2-28 2N278 6-16 
1N4125 2-25 1N4743 2-28 2N297A 6-19 
1N4126 2-25 1N4744 2-28 2N307 6-15 
1N4127 2-25 1N4745 - 2-28 2N307A 6-15 
1N4128 2-25 1N4746 2-28 2N319 7-6 

1N4129 2-25 1N4747 2-28 2N320 7-6 

1N4130 2-25 1N4748 2-28 2N321 7-6 

1N4131 2-25 1N4749 2-28 2N322 7-7) 
1N4132 2-25 1N4750 2-28 2N323 7-7 

1N4133 2-25 1N4751 2-28 2N324 7-7 

1N4134 2-25 1N4752 2-28 2N331 7-8 

1N4135 2-25 1N4753 2-28 2N350A 6-21 
1N4370 2-8 1N4754 2-28 2N351A 6-21 
1N4371 2-8 1N4755 2-28 2N375 6-23 
1N4372 2-8 1N4756 2-28 2N376A 6-21 
1N4386 10-6 1N4757 2-28 2N378 6-26 
1N4387 10-8 1N4758 2-28 2N379 6-26 
1N4388 10-9 1N4759 2-28 2N380 6-26 
1N4565 2-35 1N4760 2-28 2N381 7-10 
1N4566 2-35 1N4761 2-28 2N382 7-10 
1N4567 2-35 1N4762 2-28 2N383 7-10 
iN4568 2-35 1N4763 2-28 2N398 7-12 
1N4569 2-35 1N4764 2-28 2N398A - 7-12 
1N4570 2-35 1N4765 2-35 2N441 6-27 
1N4571 2-35 1N4766 2-35 2N442 6-27 
1N4572 2-35 1N4767 2-35 2N443 6-27 
1N4573 2-35 1N4768 2-35 2N459 6-26 
1N4574 2-35 1N4769 2-35 2N459A 6-26 
1N4719 3-24 1N4770 2-35 2N460 7-14 
1N4720 3-24 1IN4771 2-35 2N461 7-14 
1N4721 3-24 1N4772 2-35 2N464 7-15 
1N4722 3-24 1N4773 2-35 2N465 7-15 
1N4723 3-24 1N4774 2-35 2N466 7-15 
1N4724 3-24 1N4775 2-35 2N467 7-15 
1N4725 3-24 1N4776 2-35 2N508 7-7 

1N4728 2-28 1N4777 2-35 2N524 7-17 
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2N525 7-17 2N828A 2N1162 6-40 
2N526 7-17 2N829 2N1163 6-40 
2N527 7-17 2N834 2N1164 6-40 
2N504 6-13 2N835 2N1165 6-40 
2N555 6-13 2N838 2N1166 6-40 
2N618 6-23 2N869 2N1167 6-40 
2N650 7-20 2N914 2N1175 7-33 
2N650A 7-20 2N915 2N1185 7-25 
2N651 7-20 2N916 2N1186 7-25 
2N651A 7-20 2N918 2N1187 7-25 
2N652 7-20 2N929 2N1188 7-29 
2N652A 7-20 2N930 2N1189 7-28 
2N653 7-22 2N956 2N1190 7-28 
2N654 7-22 2N960 2N1191 7-30 
2N655 7-22 2N961 2N1192 7-30 
2N665 6-31 2N962 2N1193 7-30 
2N669 6-11 2N963 2N1194 7-30 
2N681 0-9 2N964 2N1195 8-83 
2N682 o-9 2N964A 2N1204 8-85 
2N683 o-9 2N965 2N1204A 8-85 
2N684 0-9 2N966 2N1358 6-9 

2N685 0-9 2N967 2N1359 6-23 
2N686 9-9 2N968 2N1360 6-23 
2N687 3-9 2N969 2N1362 6-23 
2N688 0-9 2N970 2N1363 6-23 
2N689 o-9 2N971 2N1364 6-23 
2N697 8-28 2N972 2N1365 6-23 
2N700 8-29 2N973 2N1408 7-32 
2N700A 8-29 2N974 2N1412 6-43 
2N705 8-31 2N975 2N1413 7-33 
2N706 8-33 2N985 2N1414 7-33 
2N7T06A 8-33 2N995 2N1415 7-33 
2N706B 8-33 2N 1008 2N1420 8-28 
2N707 8-35 2N1008A 2N1494 8-85 
2NT07A 8-35 2N1008B 2N1494A 8-85 
2N708 8-37 2N1011 2N1495 8-85 
2N710 8-38 2N1073 2N1496 8-85 
2N711 8-39 2N1073A 2N1529 6-46 
2N711A 8-39 2N1073B 2N1530 6-46 
2N711B 8-39 2N1099 2N1531 6-46 
2N718 8-28 2N1100 2N1532 6-46 
2N718A 8- 42 2N1120 2N1533 6-46 
2N722 8-44 2N1131 2N1534 6-46 
2N741 8-46 2N1132 2N1535 6-46 
2NT41A 8-46 2N1132A 2N1536 6-46 
2N744 8-48 2N1132B 2N1537 6-46 
2N753 8-33 2N1141 2N1538 6-46 
2N827 8-50 2N1142 2N1539 6-49 
2N828 8-52 2N1143 2N1540 6-49 
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2N1541 
2N1542 
2N1543 
2N1544 
2N1545 
2N1546 
2N1547 
2N1548 
2N1549 
2N1550 
2N1551 
2N1552 
2N1553 
2N1554 
2N1555_ 
2N1556 
2N1557 
2N1558 
2N1559 
2N1560 
2N1561 
2N1562 
2N1595 
2N1596 
2N1597 
2N1598 
2N1599 
2N1613 
2N1692 
2N1693 
2N1705 
2N1706 
2N1707 
2N1711 
2N1842 
2N1842A 
2N1843 
2N1843A 
2N1844 
2N1844A 
2N1845 
2N1845A 
2N1846 
2N1846A 


2N1847 


2N1847A 
2N1848 
2N1848A 
2N1849 


6-49 
6-49 
6-49 
6-49 
6-49 
6-49 
6-49 
6-49 
6-52 
6-52 
6-52 
6-52 
6-52 
6-52 
6-52 
6-52 
6-52 
6-52 
6-52 
6-52 
8-88 
8-88 
5-11 
5-11 
5-11 
5-11 
5-11 
8-42 
8-88 
8-88 
7-35 
7-35 
7-35 
8-42 
5-13 
5-15 
5-13 
5-15 
5-13 
5-15 
5-13 
5-15 
5-13 
5-15 
5-13 
5-15 
5-13 
5-15 
5-13 


2N1849A 
2N1850 
2N1850A 
2N1924 
2N1925 
2N1926 
2N1970 
2N1980 
2N1981 
2N1982 
2N1991 
2N2042 
2N2043 
2N2060 
2N2060A 
2N2075 
2N2076 
2N2077 
2N2078 
2N2079 
2N2080 
2N2081 
22082 
2N2096 
2N2097 
2N2099 
2N2100 
2N2137 
2N2138 
2N2139 
2N2140 
2N2141 
2N2142 
2N2143 
2N2144 
2N2145 
2N2146 
2N2152 
2N2153 
2N2154 
2N2156 
2N2157 
2N2158 
2N2171 
2N2192 
2N2192A 
2N2192B 
2N2193 
2N2193A 


2N2193B 
2N2194 
2N2194A 
2N2194B 
2N2195 
2N2195A 
2N2195B 
2N2217 
2N2218 
2N2218A 
2N2219 
2N2219A 
2N2220 
2N2221 
2N2221A 
2N2222 
2N2222A 
2N2223 
2N2223A 
2N2256 
2N2257 
2N2258 
2N2259 
2N2303 
2N2330 
2N2331 
2N2369 
2N2381 
2N2382 
2N2480 
2N2480A 
2N2481 
2N2490 
2N2491 
2N2492 
2N2493 
2N2501 
2N2526 
2N2527 
2N2528 
2N2537 
2N2538 
2N2539 
2N2540 
2N2573 
2N2574 
2N2575 
2N2576 
2N2577 
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2N2578 
2N2579 
2N2630 
2N2635 
2N2728 
2N2800 
2N2801 
2N2832 


2N2833 
2N2834 


2N2837 
2N2838 
2N2904 
2N2904A 
2N2905 
2N2905A 
2N2906 
2N2906A 
2N2907 
2N2907A 
2N2912 
2N2929 
2N2947 
2N2948 
2N2949 
2N2950 
2N2951 
2N2952 
2N2955 
2N2956 
2N2957 
2N2958 
2N2959 
2N3021 
2N3022 
2N3023 
2N3024 
2N3025 
2N3026 
2N3115 
2N3116 
2N3133 
2N3134 
2N3135 
2N3136 
2N3137 
2N3227 


2N3244 
2.N3245 
2N3248 
2N3249 
2N3250 


2N3250A 


2N3251 


2N3251A 


2N3252 
2N3253 
2N3279 
2N3280 
2N3281 
2N3282 
2N3283 
2N3284 
2N3285 
2N3286 
23287 
2N3288 
2N3289 
2N3290 
2N3291 
2N3292 
2N3293 
2N3294 
2N3295 
2N3296 
2N3297 
2N3298 
2N3307 
2N3308 
23309 


8-145 
8-145 
8-148 
8-148 
8-151 
8-151 
8-151 
8-151 
8-155 
8-155 
8-158 
8-158 
8-158 
8-158 
8-160 
8-160 
8-160 
8-160 
8-163 
8-163 
8-163 
8-163 
8-165 
8-165 
8-165 
8-165 
8-167 
8-170 
8-173 


8-176. 


8-178 


8-178 


2N3309A 


2N3311 
2N3312 
2N3313 
2N3314 
2N3315 
2N3316 
2N3323 
2N3324 
2N3325 
2N3375 
2N3409 
2N3410 
2N3411 
2N3427 
2N3428 


8-180 
8-182 
6-81 
6-81 
6-81 
6-81 
6-81 


2N3444 
2N3445 
2N3446 
2N3447 
2N3448 
2N3467 
2N3468 
2N3480 
2N3481 
2N3483 
2N3484 
2N3485 
2N3485A 
2N3486 
2N3486A 
2N3493 
2N3494 
2N3495 
2N3496 
2N3497 
2N3498 
2N3499 
2N3500 
2N3501 
2N3506 
2N3507 
2N3508 
2N3509 
2N3510 
2N3511 
2N3544 
2N3546 
2N3553 
2N3611 
2N3612 
2N3613 
2N3614 
2N3615 
2N3616 
2N3617 
2N3618 
2N3632 
2N3634 
2N3635 
2N3636 
2N3637 
2N3647 
2N3648 
2N3664 
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2N3713 6-95 MA888 7-46 MC312 11-8 
2N3714 6-95 MA889 7-46 MC351 11-25 
2N3715 6-95 MA909 _~—_—s7--48 MC352 11-33 
2N3716 6-95 MA910 7-48 MC353 11-31 
2N3717 8-220 MA1702 7-49 MC354 11-24 
2N3718 8-220 MA1703 7-49 MC355 11-37 
2N3719 MA1704 7-49 MC356 11-25 
MA1705 7-49 MC357 11-25 
2N3720 MA1706 7-49 MC358 11-33 
MA1707 7-49 MC359 11-25 
2N3742 8-225 MA1708 17-49 MC360 11-25 
2N3743 8-228 MC201 11-39 MC361 11-25 
2N3783 8-231 MC202 11-39 MC362 11-25 
2N3784 8-231 MC203 11-41 MC401 11-143 
2N3785 8-231 MC204 11-43 . MC402 11-145 
2N3796 9-11 MC205 11-45 MC908 11-128 
2N3797 9-11 MC206 11-47 MC909 11-130 
2N3798 8-234 MC207 11-49 MC910 11-132 
2N3799 8-234 MC208 11-51 MC911 11-134 
2N3800 9-13 MC209 11-53 MC912 11-136 
2N3801 9-13 MC212 11-55 MC913 11-138 
2N3802 9-13 MC213 11-57 MC921 11-141 
2N3803 9-13 MC215 11-59 MC1110 11-148 
2N3804 9-13 MC217 11-61 MC1111 11-114 
2N3805 9-13 MC251 11-64 MC1112 11-116 
2N3806 9-13 MC252 11-64 MC1113 11-118 
2N3807 9-13 MC253 11-66 MC1114 11-120 
2N3808 9-13 MC254 11-67 MC1115 11-122 
2N3809 9-13 MC255 11-69 MC1116 11-124 
2N3810 9-13 MC256 11-71 MC1117 11-124 
2N3811 9-13 MC257 11-73 MC1118 11-124 
2N3818 8-236 MC258 11-76 MC1513 11-153 
Series 300 4-4 MC259 11-78 MC1519 11-154 
MA112 1-44 MC260 11-80 MC 1524 11-158 
MA113 7-44 MC262 11-83 MC1525 11-162 
MA114 1-44 MC263 11-85 MC 1526 11-162 
MA115 7-44 MC265 11-88 MC 1527 11-162 
MA116 7-44 MC267 11-90 MC 1528 11-162 
MA117 7-44 MC301 11-8 MCA1911 2-36 
MA286 7-45 MC302 11-16 MCA1912 2-36 
MA287 7-45 MC303 11-14 MCA1913 2-36 
MA288 7-45 MC304 11-7 MCA1914 2-36 
MA881 7-46 MC305 11-20 MCA1921 2-36 
MA882 7-46 MC306 11-8 MCA1922 2-36 
MA883 7-46 MC307 11-8 MCA1923 2-36 
MA884 1-46 MC308 11-16 MCA1924 2-36 
MA885 7-46 MC309 11-8 MCA1931 2-36 
MA886 7-46 MC310 11-8 MCA1932 2-36 
MA887 7-46 MC311 11-8 MCA1933 =—s_- 2-36 


—— Alpha-Numerical Device Listing 


DEVICE LISTING (continued) 


Device Type Page Device Type Page Device Type Page 


MCA1934 2-36 MCR729-10 5-23 MCR1308-2 5-25 
MCA2011 2-36 MCR808-1 5-25 MCR1308R-2 5-25 
MCA2012 2-36 MCR808R-1 5-25 MCR1308-3 5-25 
MCA2013 2-36 MCR808-2 5-25 MCR1308R-3 5-25 
MCA2014 2-36 MCR808R-2 5-25 MCR1308-4 5-25 
MCA2021 2-36 MCR808-3 5-25 MCRI1308R-4 5-25 
MCA2022 2-36 MCR808R-3 5-25 MCR1308-5 5-25 
MCA2023 2-36 MCR808-4 5-25 MCR1308R-5 5-25 
MCA2024 2-36 MCR808R-4 5-25 MCR1308-6 5-25 
MCA2031 2-36 MCR808-5 5-25 MCR1308R-6 5-25 
MCA2032 2-36 MCR808R-5 5-25 MCR1604-1 5-34 
MCA2033 2-36 MCR808-6 5-25 MCR1604R-1 5-34 
MCA2034 2-36 MCR808R-6 5-25 MCR1604-2 5-34 
MCA2111 2-36 MCR846-1 5-28 MCR1604R-2 5-34 
MCA2112 2-36 MCR846-2 5-28 MCR1604-3 5-34 
MCA2113 2-36 MCR846-3 5-28 MCR1604R-3 5-34 
MCA2114 2-36 MCR846-4 5-28 MCR1604-4 5-34 
MCA2121 2-36 MCR914-1 5-11 MCR1604R-4 5-34 
MCA2 122 2-36 MCR914-2 5-11 MCR1604-5 5-34 
MCA2 123 2-36 MCR914-3 5-11 MCR1604R-5 5-34 
MCA2124 2-36 MCR914-4 5-11 MCR1604-6 5-34 
MCA2131 2-36 MCR914-5 5-11 MCRI1604R-6 5-34 
MCA2132 2-36 MCR914-6 5-11 MCR1605-1 5-34 
MCA2133 2-36 MCR1304-1 5-34 MCR1605R-1 5-34 
MCA2134 2-36 MCR1304R-1 5-34 MCR1605-2 5-34 
MCA2211 2-36 MCR1304-2 5-34 MCRI1605R-2 5-34 
MCA2212 2-36 MCR1304R-2 5-34 MCR1605-3 5-34 
MCA2213 2-36 MCR1304-3 5-34 MCR1605R-3 5-34 
MCA2214 2-36 MCR1304R-3 5-34 MCR1605-4 5-34 
MCA2221 2-36 MCRI1304-4 5-34 MCR1605R-4 5-34 
MCA2222 2-36 MCR1304R-4 5-34 MCR1605-5 5-34 
MCA2223 2-36 MCR1304-5 5-34 MCRI1605R-5 5-34 
MCA2224 2-36 MCR1304R-5 5-34 MCR1605-6 5-34 
MCA2231 2-36 MCR1304-6 5-34 MCRI605R-6 5-34 
MCA2232 2-36 MCR1304R-6 5-34 MCR1718-5 0-30 
MCA2233 2-36 MCR1305-1 5-34 MCR1718-6 5-30 
MCA2234 2-36 MCR1305R-1 5-34 MCRI1718-7 5-30 
MCR649-1 5-20 MCR1305-2 5-34 MCR1718-8 0-30 
MCR649-2 5-20 MCRI1305R-2 5-34 MCR1907-1 0-32 
MCR649-3 5-20 MCR1305-3 5-34 MCR1907-2 0-32 
MCR649-4 5-20 MCR1305R-3 5-34 MCR1970-3 0-32 
MCR649-5 5-20 MCR1305-4 5-34 MCR1970-4 0-32 
MCR649-6 5-20 MCR1305R-4 5-34 MCR1970-5 0-32 
MCR649-7 5-20 MCR1305-5 5-34 MCR1970-6 0-32 
MCR729-5 = 55-23 MCR1305R-5 5-34 MCR2304-1 0-34 
MCR729-6 5-23 MCR1305-6 9-34 MCR2304R-1 5-34 
MCR1729-7 5-23 MCR1305R-6 5-34 MCR2304-2 5-34 
MCRi729-8 5-23 MCR1308-1 5-25 MCR2304R-2 5-34 
MCR729-9 MCR1308R-1 5-25 MCR2304-3 9-34 


—— Alpha-Numerical Device Listing 


DEVICE LISTING (continued) 


Device Type Page Device Type Page | Device Type Page 


MCR2304R-3 5-34 MD985 9-21 MDA950-6 4-10 
MCR2304-4 . 5-34. MD986 9-23 MDA950-7 4-10 
MCR2304R-4 5-34 MD990 9-25 MDA952-1 4-13 


MCR2304-5 5-34 
MCR2304R-5 5-34 
MCR2304-6 0-34 
MCR2304R-6 5-34 
MCR2305-1 0-34 
MCR2305R-1 5-34 
MCR2305-2 0-34 
MCR2305R-2 5-34 
MCR2305-3. 95-34 
MCR2305R-3 5-34 


MD1120 9-27 
MD1121 9-27 
MD1122 9-27 
MD1123 9-29 
MD1124 9-29 
MD1125 9-29 
MD1126 9-31 
MD1127 9-31 
MD1128 9-33 | 
MD1129 9-35 


MDA 952-2 4-13 
MDA952-3 4-13 
MDA952-4 4-13 
MDA952-5 4-13 
MDA 952-6 4-13 
MDA 962-1 4-13 
MDA 962-2 4-13 
MDA962-3 4-13 
MDA 962-4 4-13 
MDA 962-5 4-13 


MCR2305-4. 95-34 MD1130 9-37 MDA 1330 4-16 
MCR2305R-4 95-34 MD1131 9-39 MDA 1331 4-16 
MCR2305-5 0-34 © MD1132 9-41 MDA 1332 4-16 
MCR2305R-5 5-34 MD1133 9-43 MDA 1333 4-16 


MCR2305-6 0-34 
MCR2305R-6 5-34 
MCR2604- 1 0-34 
MCR2604R-1 5-34 
MCR2604-2 0-34 
MCR2604R-2 5-34 
MCR2604-3 0-34 
MCR2604R-3 95-34 
MCR2604-4 0-34 
MCR2604R-4 5-34 
MCR2604-5 0-34 
MCR2604R-5 5-34 
MCR2604-6 0-34 
MCR2604R-6 5-34 
MCR2605- 1 0-34 
MCR2605R-1 5-34 
MCR2605-2 0-34 
MCR2605R-2 5-34 


MD1134 9-45 
MDA920-1 4-10 
MDA920-2 4-10 
MDA920-3 4-10 
MDA920-4 4-10 
MDA920-5 4-10 
MDA920-6 4-10 
MDA920-7 4-10 
MDA930-1 4-10 
MDA930-2 4-10 
MDA930-3 4-10 
MDA930-4 4-10 
MDA930-5 4-10 
MDA930-6 4-10 
MDA930-7 4-10 
MDA940-1 4-10 

MDA940-2 4-10 
MDA940-3 4-10 


MDA1491-1 4-13 
MDA1491-2 4-13 
MDA1491-3 4-13 
MDA1491-4 4-13 
MDA1491-5 4-13 
MDA1491-6 4-13 
MDA1505-1 4-13 
MDA1505-2 4-13 
MDA1505-3 4-13 
MDA1505-4 4-13 
MDA1505-5 4-13 
MDA1505-6 4-13 
MDA1591-1 4-13 
MDA1591-2 4-13 
MDA1591-3 4-13 
MDA1591-4 4-13 
MDA1591-5 4-13 
MDA1591-6 4-13 


MCR2605-3 0-34 MDA940-4 4-10 ME1 USN 11-93 
MCR2605R-3 5-34 MDA940-5 4-10 ME2 USN 11-96 
MCR2605- 4 0-34 MDA940-6 4-10 ME3 USN 11-99 
MCR2605R-4 5-34 MDA940-7 4-10 ME4 USN 11-102 
MCR2605-5 0-34 MDA942-1 4-13 ME5 USN 11-104 
MCR2605R-5 5-34 © MDA942-2 4-13 ME6 USN 11-107 
MCR2605-6 0-34 MDA942-3 4-13 ME7 USN 11-109 
MCR2605R-6 5-34 MDA942-4 4-13 ME8 USN 11-111 
MCS82135 8-238 MDA942-5 4-13 MF812 8-242 
MC82136 8-238 MDA942-6 4-13 MF832 8-243 
MCS82137 — 8-240 MDA950-1 4-10 MGCS821-1 5-37 
MCS82138 8-240 MDA950-2 4-10 MGCS821-2 5-37 
MD981 9-15 MDA950-3 4-10 MGCS821-3 5-37 
MD982 9-17 MDA950-4 4-10 MGCS821-4 5-37 


MD984 MDA950-5 4-10 MGCS821-5 


—— Alpha-Numerical Device Listing 
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MR1260 


MGCS821-6 5-37 MR1030 3-24 MR1261 3-36 
MGCS924-1 5-41 MR1031 3-24 MR1262 3-36 
MGCS924-2 5-41 MR1032 3-24 MR1263 3-36 
MGCS924-3 5-41 MR1033 3-24 MR1264 3-36 
MGCS924-4 5-41 MR1034 3-24 MR1265 3-36 
MGCS924-5 5-41 MR1035 3-24 MR1266 3-36 
MGCS924-6 5-41 MR1036 3-24 MR1267 3-36 
MGCS925-1 5-41 MR1038 3-24 MR1290 3-38 
MGCS$925-2 5-41 MR1040 3-24 MR1291 3-38 
MGCS925-3 5-41 MR1200 3-26 MR1292 3-38 
MGCS925-4 5-41 MR1201 3-26 MR1293 3-38 
MGCS925-5 5-41 MR1202 3-26 MR1294 3-38 
MGCS925-6 5-41. MR1203 3-26 MR1295 3-38 
MM1803 8-143 MR1204 3-26 MR1296 3-38 
MM1941 8-244 MR1205 3-26 MR1297 3-38 
MM 1943 8-246 MR1206 3-26 MR1337-1 3-40 
MM2090 9-47 MR1207 3-26 MR1337-2 3-40 
MM2091 9-47 MR1210 3-28 MR1337-3 3-40 
MM2092 9-50 MR1211 3-28 MR1337-4 3-40 
MM2503 MR1212 3-28 MR1337-5 3-40 
MM2550 8-248 MR1213 3-28 MV1808 10-11 
MM2552 8-250 MR1214 3-28 MV1864A —- 10-18 
MM2554 8-252 MR1215 3-28 MV1866 10-14 
-MM2894 8-254 MR1216 3-28 MV 1868 10-14 
MP500 8-256 MR1217 3-28 MV1870 10-16 
MP501 6-102 MR1220 3-30 MV1871 10-14 
MP502 6-102 MR1221 3-30 MV1872 10-17 
MP504 6-102 MR1222 3-30 MV1874 10-16 
MP505 6-102 MR1223 3-30 MV 1876 10-19 
MP506 6-102 MR1224 3-30 MV1877 10-14 
MP2060 6-102 MR1225 3-30 MV 1878 10-16 
MP2061 6-104 MR1226 3-30 MV 1892 10-21 
MP2062 6-104 MR1227 3-30 M4L2052 ~—s-: 10-22 
MP2063 6-104 MR1230 3-32 M4L2053  ~—- 40-22 
MPS706 6-104 MR1231 3-32 M4L2054 

MPS834 8-259 MR1232 3-32 

MPS918 8-261 MR1233 3-32 

MPS2894 8-263 MR1234 3-32 

MPS2923 8-265 MR1235 3-32 

MPS2924 8-267 MR1236 3-32 

MPS2925 8-267 MR1237 3-32 

MPS3563  ~—«8-267 MR1240 3-34 

MPS3639 8-263 MR1241 3-34 

MPS3640 _—s 88-268 MR1242 3-34 

MR322 8-271 MR1243 3-34 

MR323 3-15 MR1244 3-34 

MR324 3-15 MR1245 3-34 

MR325 3-15 MR1246 3-34 

MR326 MR1247 3-34 


— Military Type Semiconductors 


MILITARY TYPE SEMICONDUCTORS 


Motorola offers a number of semiconductor devices that comply with the 
terms of military specifications. The following table lists these devices, the 
applicable military specifications and the appropriate page in the data sections 
of this manual. For additional information, military-type data sheets are 
available. 


SILICON ZENER DIODES page 
USN 1N746A thru USN 1N759A MIL-S-19500/127C | 2-8 
USN 1N962B thru USN 1N984B MIL-S-19500/117B 2-9 
JAN 1N2804B thru JAN 1N2811B MIL-S-19500/114B 2-13 
JAN 1N2813B | MiL-S-19500/114B 2-13 
JAN 1N2814B MIL-S-19500. 114B 2-13 
JAN 1N2816B MIL-S-19500/114B 2-13 
JAN 1N2818B thru JAN 1N28020B MIL-S-19500/114B 2-13 
JAN 1N2822B thru JAN 1N2827B MIL-S-19500/114B 2-13 
JAN 1N2838B | -- MIL-S-19500/114B 2-13 
JAN 1N2840B thru JAN 1N2846B MIL-S-19500/114B 2-13 
JAN 1N2970B thru JAN 1N2977B MIL-S-19500/124C 2-15 
JAN 1N2979B MIL-S-19500/124C 2-15 
JAN 1N2980B MIL-S-19500/124C 2-15 
JAN 1N2982B MIL-S-19500/124C 2-15 
JAN 1N2984B MiL-S-19500/124C 2-15 
JAN 1N2988B thru JAN 1N2993B MIL-S-19500/124C 2-15 
JAN 1N2995B thru JAN 1N2997B MIL-S-19500/124C 2-15 
JAN 1N2999B thru JAN 1N3005B MIL-S-19500/124C 2-15 
JAN 1N3007B thru JAN 1N3009B MIL-S-19500/124C 2-15 
JAN 1N3011B MIL-S-19500/124C 2-15 
JAN 1N3012B | MIL-S-19500/124C 2-15 
JAN 1N3014B MIL-S-19500/124C 2-15 
JAN 1N3015B | MIL-S-19500/124C 2-15 
USN 1N3016B thru USN 1N3051B MIL-S-19500/115D 2-17 
USN 1N3821A thru USN 1N3828A MIL-S-19500/115D 2-23 
USA 1N3993A thru USA 1N4000A MIL-S-19500/272 | 2-24 


USN 1N4370A thru USN 1N4372A | MUL-S-19500/127C | 2-8 
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SILICON REFERENCE DIODES 


JAN 1N429 
USN 1N821 
USN 1N823 
USN 1N825 
USN 1N827 
USN 1N829 
USN 1N935B 
USN 1N937B 
USN 1N938B 
USN 1N941B 
USN 1N943B 
USN 1N944B 


USN 1N3154 thru USN 1N3157 


SILICON RECTIFIERS 


USN 1N3611 thru USN 1N3613 


POWER TRANSISTORS 


JAN 2N174 

JAN 2N297A 
JAN 2N665 

USA 2N1011 
USA 2N1120 
USN 2N1165 
USN 2N1358 
USN 2N1412 


MILLIWATT TRANSISTORS 


JAN 2N331 
USN 2N398 
USAF 2N461 
USA 2N465 
JAN 2N466 
USA 2N467 
JAN 2N526 


USN 2N650A thru USN 652A 


MIL-S-19560/229 
MIL-S-19500/229 
MIL-S-19500/229 
MIL-S-19500/229 
MIL-S-19500/229 
MIL-S-19500/229 
MIL-S-19500/156B 
MIL-S-19500/156B 
MiL-S-19500/156B 
MIL-S-19500/157C 
MIL-S-19500/157C 
MIL-S-19500/157C 
MIL-S-19500/158C 


MIL-S-19500/228B 


MIL-T-19500/13A 
MIL-T -19500/36B 
MIL-S-19500/58C 
MIL-T-19500/67 
MIL-T-19500/68 
MIL-S-19500/178B 
MIL-S-19500/122A 
MIL-S-19500/76 


MIL-S-19500/4C 
MIL-S-19500/174 
MIL-T-19500/45 
MIL-T-19500/50A 
MIL-S-19500/51D 
MIL-T-19500/52B 
MIL-S-19500/60D 
MIL-S-19500/175A 
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6-19 
6-31 
6-33 
6-38 
6-40 
6-9 

6-43 


7-8 

7-12 
7-14 
7-15 
7-15 
7-15 
7-17 
7-20 
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HIGH-FREQUENCY TRANSISTORS 
USA 2N700A 


USN 2N705 
JAN 2N706 
USN 2N962 
USN 2N964 
USN 2N1131 
USN 2N1132 
USN 2N1142 
USN 2N1195 
USA 2N2218 
USA 2N2218A 
USA 2N2219 
USA 2N2219A 
USA 2N2221 
‘USA 2N2221A 
USA 2N2222 
USA 2N2222A 
USN 2N2481 
USA 2N2904, A thru USA 2N2907, A 


INTEGRATED CIRCUITS 
USN ME 1 


USN ME 2 
USN ME 3 
USN ME 4 
USN ME 5 
USN ME 6 
USN ME 7 
USN ME 8 


MIL-S-19500/123 
MIL-S-19500/86 
MIL-S-19500/120A 
MIL-S-19500/258A 


MIL-S-19500/258A 


MIL-S-19500/177A 
MIL-S-19500/177A 
MIL-S-19500/87 
MIL-S-19500/71C 
MiL-S-19500/251D 
MIL-S-19500/251D 
MIL-S-19500/251D 
MIL-S-19500/251D 
MIL -S-19500/255D 
MIL-S-19500/255D 
MIL-S-19500/255D 
MIL-S-19500/255D 
MIL-S-19500/268A 
MIL-S-19500'/290A 


MIL-M-23700/1 
MIL-M-23700/2 
MIL-M-23700/3 
MIL-M-23700/4 
MIL-M-23700/5 
MIL -M-23700/6 
MIL-M-23700/7 
MIL-M-23700/8 
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8-29 
8-31 
8-33 
8-71 
8-71 
8-81 
8-44 
8-83 
8-83 
8-93 
8-95 
8-93 
8 -95 
8-93 
8-95 
8-93 
8-95 
8-109 
8-123 


11-93 
11-96 
11-99 
11-102 
11-104 
11-107 
11-109 
11-111 


— MEG-A-LIFE Certified Reliability Assurance 


MEG-A-LIFE CERTIFIED RELIABILITY ASSURANCE 


Motorola's pioneering reliability assurance program, ''Meg-A-Life", of- 
fers germanium industrial transistors with certified reliability. Starting with 
germanium transistors from established production lines of known high-reli- 
ability, each Meg-A- Life production lot must pass a series of electrical, 
mechanical, environmental and life acceptance tests. The details of these 
tests, including the quality control limits, are fully specified on the special 
Meg-A-Life specification sheets available for each device type. 


The customer who specified Meg-A-Life transistors receives devices that 
are guaranteed to meet published specifications within stated quality control 
limits. With the purchase of 100 or more Meg-A-Life devices, the customer 
can request a certificate guaranteeing that the actual production lot from which 
the devices are shipped passed the acceptance tests. In addition, a copy ofthe 
actual test data is available to the customer's quality control department. 


This certified assurance of critical transistor parameters, in effect, pro - 
vides the customer with his own quality control inspector within the transistor 
manufacturing facility. 


Meg-A-Life transistors are indicated by the addition of the suffix "A" to 
the corresponding basictype number. Since Meg-A-Life transistors are elec- 
trically identical to the standard versions, the data pages referenced in the 
following table provide device characterization. 


Meg -A-Life Power Transistors Page 
2N1162A thru 2N1167A 6-40 
2N1529A thru 2N1532A 6-46 
2N1534A thru 2N1537A 6-46 
2N1539A thru 2N1542A 6-49 
2N1544A thru 2N1547A 6-49 
2N1549A thru 2N1560A 6-52 
2N2075A thru 2N2082A 6-57 
2N2137A thru 2N2146A 6-60 
2N2152A thru 2N2154A 6-63 
2N2156A thru 2N2158A 6-63 
MP500A thru MP502A 6-102 
MP504A thru MP506A 6-102 


Meg -A-Life Milliwatt Transistors 
2N524A thru 2N527A 7-17 
2N650A thru 2N652A 7-20 
2N2042A thru 2N2043A 7-39 
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MEG-A-LIFE Il 
A Realistic Approach to High Reliability Assurance 


Motorola has instituted the Meg-A-Life I program in order to provide its 
customers with high-reliability semiconductors atthe lowest possible cost and 
with the shortest possible delivery cycle. Starting with devices from produc- 
tion lines with known histories of reliability, Meg-A-Life II adds testing and 
processing operations designed to provide three ascending levels of reliability 
assurance, Level 1, Level 2, and Level 3. . 

All three levels of Meg-A-Life II devices undergo reliability processing 
and screening designed to stabilize device parameters and eliminate failure- 
prone units. For level 2 devices, burn-in at rated load conditions followed by 
intensive screening is added. In addition to these steps, level 3 units receive 
individual lot acceptance testing, including life testing, to military or compar- 
able specifications. — 

Reliability data, including a certificate of compliance and test results, is 
available on all Meg-A-Life II devices. (For level 3 devices, the reliability 
data is for the actuallot from which the devices are shipped. For levels 1 and 
2, the data is fromthe most recent lot of continuous production which has com- 
pleted acceptance tests. ) | 

The most significant feature of the Meg-A-Life II program is that it pro- 
vides the required level of reliability assurance witha minimum of cost and 
deliverydelay. Thecost is lowbecause the cost of acceptance testing is spread 
over many units and prorated by order size. Delivery is rapid and ''on sched- 
ule" because much of the testing and processing, including the time consum- 
ing life testing, is performed before receipt of the customer's order. 

For more detailed information, send for the brochure, "The Mzg-A -Life 
II Program". . 

The Motorola Meg-A-Life II Program currently applies to a selected num- 
ber of zener diodes and high-frequency transistors. These devices are elec- 
trically similar to the standard versions listed in the data sections of this man- 
ual. The following table lists currently available Meg-A-Life II devices and 
references the appropriate page in this manual for electrical data. 


Meg-A-Life II Zener Diodes Page 
1N746A thru 1N759A 2-8 
1N962B thru 1N984B 2-9 
1N2970B thru 1N3015B 2-15 
1N3016B thru 1N3051B 2-17 
1N3821A thru 1N3828A 2-23 
1N4370A thru 1N4372A 2-8 

Meg-A-Life II High-Frequency 

Transistors 
2N2218 thru 2N2219 8-93 
2N2218A thru 2N2219A 8 -95 
2N2221 thru 2N2222 8-93 
2N2221A thru 2N2222A 8 -95 
2N2904, A thru 2N2907,A 8-123 
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MEG-A-LIFE Il PROCESSING FOR HIGH-RELIABILITY ASSURANCE 
WITH THREE LEVELS OF RELIABILITY ASSURANCE 


(LISTINGS BENEATH BOXES ARE TESTS PERFORMED ON 2N2904 SERIES OF PNP 
SILICON EPITAXIAL STAR* TRANSISTORS) 


PRODUCTION 


100% 
RELIABILITY 


PROCESSING 


+ High- 
Temperature 
Stabilization 

+ Impact Shock 

* Constant 
Acceleration 

+ High-Stress 
Reverse Bias 
Screen 


ELECTRICAL 


CLASSIFICATION 


+ Per 
Mil-S-19500/ 
and applicable 
numbers 

» Plus other 
electrical 
selections as 
needed 
e.g. 2N2904A 
through 
2N2907A 


+ Extrapolated 
unity gain 
frequency 

+ Output 
capacitance 

+ Small-signal 
forward current 
transfer ratio 

* Input 
capacitance 

+ High- 
temperature 
operation 

* Collector-base 
cutoff current’ 

* Low- 
temperature 
operation 

¢ Forward current 

transfer ratio 

* Switching 
parameters 


ORDER 


RECEIVED 


|}-—_—————— 2 10 4 WEEKS MiniMUM —_—__-| 


CERTIFIED STOCK WAREHOUSE 


HOLDING AREA 


POTENTIAL 
LEVEL 3 AND 
MIL-TYPE 
DEVICES 


SAMPLING 
LOT ACCEPTANCE TEST 


STOCKING 
AREA 


(LEVEL 3 AND 
MIL-TYPE AFTER 
LOT ACCEPTANCE) 


FOR MEG-A-LIFE II = 
LEVEL 3 AND Ss 
MIL-TYPES 
GROUP GROUP 
A B 
TESTS TESTS 
+ Visual and * Physical 
mechanical Dimensions 
examination + Solderability 
* Collector-base * Temperature 
breakdown Cycling 
voltage + Thermal Shock 
+ Emitter-base ¢ Moisture 
breakdown Resistance 
voltage + End-Point Tests 
* Collector- + Shock 
emitter + Constant 
breakdown Acceleration 
voltage + Vibration 
 Collector-base Fatigue 
cutoff current + Vibration, 
+ Forward current Variable 
transfer ratio Frequency 
+ Collector- + End-Point Tests 
emitter * Lead Fatigue 
saturation + Salt Atmosphere 
voltage + High- 
* Base-emitter Temperature 
saturation Life 
voltage + End-Point Tests 
+ Forward current * Steady-State 
transfer ratio Operation Life 


¢ End-Point Tests 


@) GROUP 


A 


* Conducted under same 
conditions as those established 
for Group B inspection 


a PERIODIC LIFE TEST 
| Verification of Screen Effectiveness | 


BURNIN GROUP 
AND A 
SCREENING 


BURN-IN 
AND A 


GROUP 


SCREENING 


¢ Forward current 


transfer ratio Group A 
measured and parameters on 
recorded a sample 

* Rated power basis 
burn-in 


+ Forward current 
transfer ratio 
measured and 
recorded 

* Collector-base 
cutoff current 

* Collector- 
emitter 
saturation 
voltage 

* Base emitter 
saturation 
voltage 


INSPECTIONS 


INSPECTIONS 


INSPECTIONS 


+ Inspection of 


eee 
SHIPMENT 


WITH GENERIC 


DATA LEVEL 1 


WITH 
GENERIC 
DATA 


LEVEL 2 


WITH 
LOT LEVEL 3 
DATA 


+ Reliability data 
from actual lot 
from which units 
were selected. 


FOR EXPLANATIONS OF EACH 
STEP, SEE NEXT PAGE. 
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— MEG-A-LIFE I] ——— 


@ 100% RELIABILITY PROCESSING 


Potential Meg-A-Life II devices are subjected to 100 per cent reliability 
processing using conditioning steps specifically selected for each type of de- 
vice. ; 


(@) PARAMETER CLASSIFYING BY TYPE 


Devices that pass 100 per cent reliability processing are submitted to final 
testing of electrical parameters where classification by types is made. 


(3) MAINTAINING LOT IDENTITY | 


The lot is divided into two sections which are moved into the holding area 
of a certified stock warehouse. Both sections of the lot are identified with a 
common lot number. One section is used to fillimmediate orders for Meg-A- 
Life II Levels 1 and 2 devices (accompanied by generic Group B test results). 


_ The second section is held intact pending satisfactory completion of lot ac- 
ceptance tests. After the tests are satisfactorily completed, tnis second sec- 
tion is transferred to a stocking area in the warehouse from which Motorola 
can then offer military type devices or potential Meg-A-Life II Level 3 (ac- 
companied by lot Group B test results). Individual lot identity is carefully 
maintained throughout the entire process. | 


@ LTPD SAMPLING | 


The generic data provided with Level 1 and 2 devices is drawnfrom samples 
which are taken from a production run during a specific period oftime or from 
a process batch (lot). If you order 10-watt zener diodes under the Meg-A-Life 
II program, for example, the sample is randomly selected only from the lines 
producing those diodes, rather thanfrom all zenerdiode lines. Further, sam- 
pling is done on a.regular basis. Sampling is based on the Lot Tolerance Per- 
cent Defective (LTPD) technique. 


© LOT ACCEPTANCE TESTS 


Lot acceptance tests consist of Group A inspections (electrical character - 
istics per military specification or equivalent) and Group B inspections (en- 
vironmental and life tests per military specification or equivalent. Where 
an applicable military pbc ct ication! does not exist, an equivalent specification 
in Mil format is developed. | 

Group B inspections include a 1000-hour life test at specified conditions. 

This lot acceptance testing means that your order starts with devices hav- 
ing a higher assurance of reliability prior to initiating the other Meg-A-Life 
II screening measures than that which many users are receiving as an end > 
product under other reliability assurance programs. Also it takes less time 
to fill your order because the mechanical, environmental, and 1000-hour life 
tests have already been completed. 

Effectiveness of the screens is frequently checked by comparing the lot ac- 
ceptance test data with the screen verification test data obtained later. 
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SCREENING FOR HIGHER RELIABILITY 


After receipt of order, all Level 2 and 3 products undergo burn-in and 
screening steps to further condition the devices for assurance of a higher de- 
gree of reliability (see pages 9 and 10). 

The screening procedures used are selected specifically for tne type of de- 
vice ordered. Their selection is based upon a thorough knowledge of the be- 
havior of the devices and the procedures which will accelerate known failure 
modes. However, when ordering Level 2 or 3 products, you may elect to 
specify special burn-in and screening steps based upon your particular appli- 
cation. 


@ VERIFYING SCREEN EFFECTIVENESS 


This program of failure evaluation and feedback permits design and produc - 
tion improvements. Naturally, these improvements make the device imper- 
vious to certain of the failure modes for which the screening was originally 
selected. Asa result, the screens may be changed when so indicated by this 
analysis and feedback. 

Verification of screen effectiveness is determined by periodically conduct- 
ing follow-on operating life tests on previously screened devices. These life 
tests are conducted under the same conditions as those established for Group 
B inspection. This permits a direct comparison ofthe results before and after 
screening. 


PRE-SHIPMENT GROUP A INSPECTION 


All three levels receive a Group A inspection based on your electrical re- 
quirements prior to shipment. 


CERTIFICATE OF COMPLIANCE 


Under Motorola's Meg-A-Life II program you may specify three levels of 
reliability assurance. _ 

A Certificate of Compliance is provided with each order. This certificate 
attests to the fact that the devices were processed in conformance with the 
specifications of the Motorola Meg-A-Life II program. 
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Motorola Device Outline Dimensions 


MOTOROLA DEVICE OUTLINE DIMENSIONS 


All dimensions are in 
inches. 


T0-36 PACKAGE 


CASE 5, 6, 7 


.360 MAX 


aaa | 


.710/.610 


#10-32NF 2A ~ BASE 
.140 MAX 
DIA 


345 
NOM EAD — EMITTER 


CASE 5 (WITH LUGS) 
CASE 6 (WITH FLEXIBLE LEADS) 
CASE 7 (WITH STRAIGHT LEADS) 


TO-17 PACKAGE 


CASE 21 


LL 


.180 MAX 
+ 002 
—.001 
017 DIA 


.210 MAX DIA 


T0-41 PACKAGE 


CASE 4, 16 


TO-3 PACKAGE 


CASE 1, 3, 11 
x gl 


PIN DIA 

_ PIN 
156.005 | EMITTER LENGTH 
DIA 


430+ .010 


PIN DIA / PIN LENGTH 
CASE 1 — 0.040 /0.32-0.42 
CASE 3 — 0.050 / 0.32-0.42 

CASE 11 — 0.040 /0.44-0.48 


LUG LENGTH 
CASE 4— 0.68 MAX 
CASE 16 — 0.76 MAX 


3 PINS 
.030 + .003 DIA 


TO-18 PACKAGE 


LT 


+.002 
—.001 
017 DIA 


.230 MAX OIA 
EMITTER 
048 MAX BASE 


me BN COLLECTOR 
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Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS (continued) 


TO-46 PACKAGE 


CASE 23 CASE 25 CASE 26 
~] hk Pi MAX 


+002 
O17 DIA 


##8-32 UNC — 2A 


0.250 (%4” STD. 
IGNITION WRENCH) 


— .360 MAX DIA 


T0-52 PACKAGE T0-5 PACKAGE 


CASE 27 — CASE 31 


.335 MAX DIA 


.125 MAX 


1.5 MIN 


COLLECTOR 
04). 
029 


6-LEAD T0-5 PACKAGE 


CASE 32, 32A CASE 34 
= m a = 335 MAX DIA r 
tte eae 


| 0.335 ; 125 MAX 
DIM “A” 
: rare 


Lead | identified by square 
impression on underside of 
case. 


DIM “a 
QO CASE 32 = 0.150/ 0.180 
CASE 32A — 0.260 MAX 


Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS (continued) 


6-LEAD T0-18 PACKAGE TO-60 PACKAGE 


CASE 35 CASE 36 CASE 37 


0.045 
3 PINS 0.035 DIA 


0.005 DIA 
BASE 
COLLECTOR 
EMITTER 


10-32 NF 2A 
THREAD 


CASE 41 CASE 42 CASE 43 
ys eh 687 


lon 5 Ae ; c=) 


OUTLINE DIMENSIONS (INCHES) 


C 
ab | wx |e] 


.200 MIN KNURL 
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Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS (continued) 


CASE 49 CASE 50 


— 
Maximum Allowable GE=3e 


Tque on 
Mounting Stud is 
12-Inch-Pounds 


CASE 52 CASE 53 


f-| 46 


.090 MAX DIA 


.350 MAX 


ood ane + 005 


ALL DIMENSION + .010 
EXCEPT WHEN SPECIFIED 


-D0-4 PACKAGE 


CASE 99 


.338 
MAX 
.256 MAX 
.047 MAX 


.280 MAX DIA 
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DO-7 GLASS PACKAGE 
CASE 51 


TO-3 PACKAGE 


CASE 54 
1.187 + .010 


Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS (continued) 
“SURMETIC”’ * 


CASE 58 CASE 59 CASE 60 


107 
687 I) DIA pee 
667 
en | O34 oy 
030 CATHODE 051 = .005 DIA 
.280 MAX DIA 1.00 MIN 
070 NOM _ 1.10 MIN | 
DIA 125 NOM | .35 MAX DIA 
5 ol 0.45 MAX DIA 
; ! 205 


= POLARITY MARK 
(CATHODE) 
ANODE 051 + .005 DIA 
MR1030A Series 
Yo-28-UNF-2A 
*Trademark of Motorola 


T0-41 PACKAGE 


CASE 61 CASE 62 CASE 63 


/ .200 MIN KNURL 
ANODE 


CASE 65 


CATHODE 
.100 MCR1605 series 


; ANODE 
CATHODE 5 MCR1605 series 
MCR1304 series 


ANODE 
MCR1304R series 


MCR1304 series 1.26 
CATHODE MIN 
MCR1304 series 


.035 REF < 


1.06 MIN ie 
0.99 
M MIN 
ODE 0.051 DIA 
MCRIGOSR series Ar | 


CATHODE 
MCRIGOSR series 
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Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS (continued) 


CASE 67 CASE 68 CASE 69 


CATHODE 
MCR 1604 seri 
ANODE series 


ANODE 
MCR 1604R series MCR 1604 series 
CATHODE 


MCR1GO4R series 
(9) 
LA 


GATE 


—— Va-26 NF-2A 10-32 UNF-2A 


0.189 0.032 DIA 


3 PLACES 


034 DIA MAX fane, 


CATHODE 


— .100 + .005 


10-LEAD TO-5 PACKAGE 10-LEAD FLAT PACKAGE 


CASE 70 CASE 71 CASE 72 


0.50 MAX 


DIA 0.250 
gv 
‘ | 
35 | 2 


mi 
0.90 MIN 


0.050 al Reis 0.015 TYP 
| ANODE a— CATHODE 
lt 032 + .005 
051 + .005 
DIA 


ANODE 


° 
030 
y~ CATHODE LEAD 1 IDENTIFIED BY 
IMPRESSION ON 
MR1030B Series ; 


UNDERSIDE OF CASE. 


T0-53 PACKAGE TO-39 PACKAGE TO-66 PACKAGE 


CASE 78 CASE 79 CASE 80 


0.962 1.252 
0.958 MAX 
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Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS (continued) 


14-LEAD FLAT PACKAGE 5-LEAD T0-5 PACKAGE 8-LEAD T0-5 PACKAGE 
CASE 89 CASE 96, 96A 

0.370 

0.335 


0,335 
0.305 0.185 
r 7 165 

0.040 


MAX* 0.500 MIN 


0.200 


“RTL TYPES ONLY 


LEAD 1 IDENTIFIED BY 
IMPRESSION ON 
UNDERSIDE OF CASE. 


12-LEAD TO-5 PACKAGE 


CASE 98 


CASE 96A: 10 PIN T0-5 
PIN CIRCLE = 0.230 


30° TYP 


15° TYP 


CASE 87. 


| £15° DISPLACEMENT 


CASE 88 


0.090 
0.110 AT CAN 


GATE 
CATHODE 
0.070 DIA TYP 
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MOTOROLA 
SILICON ZENER DIODES 
TEMPERATURE COMPENSATED DIODES 
REFERENCE AMPLIFIERS 


Motorola Silicon Zener Diodes 


300 
FORWARD 
CHARACTERISTIC 
TYPICAL 
(ALL TYPES) 200 


a Re EE SS 


REVERSE VOLTAGE 
(VOLTS) 


pe 
REVERSE 
CHARACTERISTIC 

(See table for 

specific values) 


Iz (mA) 


e |, - Forward Current e Vz - Nominal Zener Voltage 

e I, - Zener Current e Z, - Zener Impedance 

e Iz, + Zener Current Near e Z,, - Zener Impedance Near 
Breakdown Knee Breakdown Knee (Iz,) 

Iz, - Maximum DC Zener Current e Z,, - Zener impedance At 
(limited by power dissipation) Test Current (Iz;) 

e lz, - Zener Test Current © |, - Reverse Current 

e V, - Forward Voltage e V, - Reverse Test Voltage 


e For high-reliability devices produced under the Meg-A-Life II program, see 
page 1-22. 


e For case outline dimensions, see page 1-26. 


e For devices meeting military specifications, see page 1-18. 
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Motorola Silicon Zener Diodes 


MOTOROLA SILICON ZENER DIODES 


The zener diode is unique within the semiconductor family of devices in that 
its important electrical properties are associated with a p-n_ junction 
operated under reverse-bias avalanche (breakdown) conditions. The major 
electrical characteristics associated with such devices, from an applications 
viewpoint, are defined as follows: 


Zener Voltage -- (Vz ) -- Nominal zener voltage, measured at a specified 
test current (i717) in fixe constant-voltage region, with the device junction 
in thermal equilibrium with a 25°C ambient temperature. 


Zener Impedance -- (Zz) -- The impedance of a zener diode is normally 
specified at two points of the zener characteristics curve: at the knee of the 
zener plateau, and near the midrange of the zener excursion. The values of 
ZZ, are derived by superimposing a 60-cycle current on the zener test current 
(I7‘7) or on the zener knee current (I7;) and measuring the resulting AC voltage 
across the device. The RMS value ofthe applied 60-cycle currentis 10% ofthe 
zener current (I, or I7x). 


A 100% CRT curve trace is used to insure that each zener diode breakdown 
region begins at a current lower than I7,x and continues at nearly constant 
voltage to a current level in excess of I7qy. 


Maximum Zener Current Rating -- (17) -- This current rating denotes the 
maximum current that can be supplied by a device without exceeding the rated 
power level, This depends, of course, onthe nominal zener voltage (V7). 


Reverse Current -- (Ip) -- Reverse current is the leakage current ot the 
zener diode in the non-conducting region of the device, i.e., in the area of an 
applied voltage between 0 and avalanche breakdown. It is normally specified 
at areverse voltage (Vp) of approximately 0. 8 (V, -- tolerance) 


AVAILABILITY 

Because zener diodes are specified at specific voltages ranging, in small 
increments, from 2. 4 volts to 200, and because many of these voltage ratings 
are duplicated in each of the various power classifications, the number of zener 
diode type numbers far exceed that of any other semiconductor product. 
In addition to this wide range of standard devices, an almost unlimited variety 
of custom units with special tolerances, special voltages, matched pairs, 
etc., can be readily supplied to order at a nominal cost. For requirements 
that are not covered by one of the standard devices, consult a Motorola fran- 
chised semiconductor distributor or Motorola semiconductor representative. 
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Nominal 
Zener 
Voltage 


Motorola Silicon Zener Diodes 


MOTOROLA ZENER DIODE QUICK SELECTION CHART 


IMPORTANT .. . The zener diodes listed below represent 
only a basic profile of Motorola’s zener diode line. While 
the listing includes the industry-preferred types, 
many additional types, including in-between voltages, 
are available. 


400 MILLIWATT 34 WATT 


eee ———_—_____fjo-—_—_—_—_——_ 
*Surmetic 


CASE 51 CASE 51 CASE 59 CASE 52 


INDUSTRIAL INDUSTRIAL INDUSTRIAL |MEETS SPECS OF] INDUSTRIAL INDUSTRIAL | MEETS SPECS OF 
(NOTE 1) +5%TOLERANCE | (NOTE 2)  |MIL-S-19500/127| (NOTE 3) (NOTE 2) MIL-S-19500/115 


V4M2.4AZ 1N4370 
VaM2.7AZ 1N4371 
V4M3.0AZ 1N4372 
W%4M3.3AZ 1N746 ; 1N3821 
V4M3.6AZ 1N747 1N3822 
VW4M3.9AZ 1N748 1N3823 


VaM4.3AZ A 1N3824 
W4M4.7AZ 1N3825 
YWM5.1AZ 1N3826 
W4M5.6AZ 1N3327 
VW4M6.2AZ : 1N3828 


1N3829 


(NOTE 3) : (NOTE 3) 
VW4M6.8Z 1N4099 1N957 1N3675 1N3016 
VW4M7.5Z 1N4100 1N958 1N3676 1N3017 
V4M8.2Z 1N4101 IN959 1N3677 TN3018 
V4M9.1Z 1N4103 1N960 1N3678 1N3019 
V4M10Z 1N4104 TN961 1N3679 1N3020 
VaMViZ 1N4105 1N962 : : 1N3680 1N3021 


VaM12Z 1N4106 : 1N3681 1N3022 
VaM13Z 1N4107 Q 1N3682 1N3023 
V4M15Z 1N4109 : 1N3683 1N3024 
V4M16Z IN4110 1N3684 1N3025 
W%M18Z IN4112 1N3685 1N3026 
W%M20Z IN4114 1N3686 1N3027 


W4M22Z IN4115 : 1N3687 1N3028 
VW4M24Z IN4116 1N3688 1N3029 
W4M27Z 1N4118 1N3689 1N3030 
V4M30Z 1N4120 1N3690 1N3031 
W4M33Z 1N4121 1N3691 1N3032 
VW4M36Z 1N4122 1N3692 _ 1N3033 


VaM39Z 1N4123 2 1N3693 1N3034 
V4M43Z 1N4124 1N3694 1N3035 
V4M47Z 1N4125 : 1N3695 1N3036 
V4M51Z 1N4126 : 1N3696 1N3037 
V4M56Z 1N4127 : 1N3697 1N3038 
V4M62Z 1N4129 1N3698 1N3039 


V4M68Z 1N4130 : : 1N3699 1N3040 
V4M75Z 1N413] INGE 1N3700 1N3041 
V4M82Z 1N4132 RIND 1N3701 1N3042 
V4M91Z 1N4134 : 1N3702 1N3043 
V4M100Z 1N4135 1N3703 1N3044 
VaM110Z . 1N3704 — 1N3045 


Y%M120Z 1N3705 1N3046 
YW4M130Z 1N3706 1N3047 
V4M150Z 1N3707 17N3048 
W4M160Z IN3049 
WM1 80Z 3 1N3050 
VaM200Z 1N3051 


MILITARY TYPES % MEG-A-LIFE I! TYPES 


—— Motorola Silicon Zener Diodes 


MOTOROLA ZENER DIODE QUICK SELECTION CHART 


IMPORTANT . .. The zener diodes listed below represent 
only a basic profile of Motorola’s zener diode line. While 
the listing includes the industry-preferred types, 
many additional types, including in-between voltages, 
are available. 


1 WATT | 114 WATT 


oo ae. . 
*surmetic | wo 5 | Nominal 


CASE 59 CASE 55 CASE 56 CASE 54 Fe oa Zener 
Voltage 


INDUSTRIAL } INDUSTRIAL INDUSTRIAL MEETS SPECS OF INDUSTRIAL MEETS SPECS OF INDUSTRIAL 
(NOTE 2) (NOTE 3) (NOTE 2) MIL-S-19500/277 (NOTE 3) MIL-S-19500/114 (NOTE 3) 


1N4728 
1N4729 
1N4730 


1N4731 1N3994 
1N4732 1N3995 
1N4733 1N3996 
1N4734 1N3997 
1N4735 1N3998 

1N3999 


REVERSE POLARITIES AVAILABLE IN ALL 10 AND 50 WATT DIFFUSED TYPES. 


(NOTE 3) 
1N4736 1N3785 1N2970 1N2804 1N3305 
1N4737 1N3786 1N2971 1N2805 1N3306 
1N4738 1N3787 1N2972 1N2806 1N3307 
1N4739 1N3788 1N2973 1N2807 1N3308 
1N4740 1N3789 1N2974 1N2808 1N3309 
- 1N4741 1N3790 1N2975 1N2809 1N3310 


1N4742 1N3791 1N2976 1N2810 1N3311 
1N4743 1N3792 1N2977 IN2811 1N3312 
1N4744 1N3793 1N2979 1N2813 1N3314 
1N4745 1N3794 1N2980 1N2814 1N3315 
1N4746 1N3795 1N2982 1N2816 1N3317 
1N4747 1N3796 1N2984 1N2818 1N3319 


1N4748 1N3797 1N2985 1N2819 1N3320 
1N4749 1N3798 1N2986 1N2820 1N3321 
1N4750 1N3799 1N2988 1N2822 1N3323 
1N4751 1N3800 1N2989 1N2823 1N3324 
1N4752 1N3801 1N2990 1N2824 1N3325 
1N4753 1N3802 1N2991 1N2825 1N3326 


1N4754 1N3803 1N2992 1N2826 1N3327 
1N4755 1N3804 1N2993 1N2827 gs 1N3328 
1N4756 1N3805 1N2995 1N2829 1N3330 
1N4757 1N3806 1N2997 1N2831 1N3332 
1N4758 1N3807 1N2999 1N2832 1N3334 
1N4759 1N3808 1N3000 1N2833 eck 1N3335 


1N4760 1N3809 1N3001 { 1N2834 1N3336 
1N4761 1N3810 1N3002 1N2835 1N3337 
1N4762 1N3811 1N3003 1N2836 1N3338 
1N4763 1N3812 1N3004 1N2837 1N3339 
1N4764 1N3813 1N3005 1N2838 1N3340 

1N3814 1N3007 : 1N2840 1N3342 


TN3815 TN3008 ale 1N2841 1N3343 
1N3816 1N3009 1N2842 1N3344 
1N3817 1N3011 # 1N2843 2 1N3346. 
1N3818 1N3012 : 1N2844 1N3347 
1N3819 1N3014 : 1N2845 1N3349 
1N3820 TN3015 215 1N2846 1N3350 


—— Motorola Silicon Zener Diodes 
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Motorola Silicon Zener Diodes 


Y%44M2.4AZ thru 4M 6.2 AZ (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient Vr = 1.5V max @ 100 mA) 


MAXIMUM 
NOMINAL* ZENER MAXIMUM REVERSE LEAKAGE CURRENT, (In) 
ZENER TEST | IMPEDANCE DC ZENER 


——$_ 


MOTOROLA VOLTAGE CURRENT  (Zy) ohms CURRENT TEST VOLTAGE Vie 


TYPE NO. I) mA lw) mA Ie MAX 
Wz) VOLTS (lx) @tn) (law) m Wa) 5% SOCOSSC«CNO 


rai 


1/4M2. 4AZ 
1/4M2. 7AZ 
1/4M3. 0AZ 
1/4M3. 3AZ 
1/4M3. 6AZ 


1/4M3. 9AZ 
1/4M4. 3AZ 
1/4M4. 7AZ 
1/4M5. 1AZ 
1/4M5. 6AZ 
1/4M6. 2AZ 


le ee et a ee ee Y 
e e oe . ° 
Lt ee el oad | etl ell col ell oe 


again a 


Onn Pp ht  w © tH Dd 
NYO T3W OHO OWS) 
aaa u 


1/4M6. 8Z 
1/4M7. 5Z 
1/4M8. 2Z 
1/4M9. 1Z 
1/4M10Z 


1/4M11Z 
1/4M12Z 
1/4M13Z 
1/4M14Z 
1/4M15Z 


1/4M16Z 
i/4M17Z 
1/4M18Z 
1/4M19Z 
1/4M20Z 


1/4M22Z 
1/4M24Z 
1/4M25Z 
1/4M27Z 
1/4M30Z 


1/4M33Z 
1/4M36Z 
1/4M39Z 
1/4M43Z 
1/4M45Z 


1/4M47Z 
1/4M50Z 
1/4M52Z 
1/4M56Z 
1/4M62Z 


1/4M68Z 
1/4M75Z 
1/4M82Z 
1/4M91Z 
1/4M100Z 


1/4M165Z 
1/4M110Z 
1/4M120Z 
1/4M130Z 
1/4M140Z 


1/4M150Z 
1/4M175Z 
1/4M200Z 
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* SPECIAL SELECTIONS 1— Nominal zener voitages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage } Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and +1% 


Motorola Silicon Zener Diodes 


1N/Q2 thru 1n745 V4 Watt 


2—200V 


‘\ Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N746--, 1N957-- and 
1N4370-- series. Absolute maximum rating-junction 

CASE 51 and storage temperature range -65 to +175°C, derated 
(DO-7) \ 1.67 mW/°C. 


1N/46 thru 1N7 59 400 mW 


1N4370 thru 1N4372 2.4—12V 


\ 


Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect toanode end 

CASE 51 when o ted in th 
(DO-7) perated in the zener region. 


\ 


ABSOLUTE MAXIMUM RATINGS 
Junction and Storage Temperature: -65°C to +175°C 


D-C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3.2 mW/°C 
Above 50° Ambient) 


TOLERANCE DESIGNATION 

The type numbers shown have tolerance designations as follows: 
1N4370 series: + 10%, suffix A for + 5% units. 
1N746 series: + 10%, suffix A for + 5% units. 


ELECTRICAL CHARACTERISTICS. (Ta = 25°C unless otherwise noted) 


MAXIMUM REVERSE LEAKAGE CURRENT 


NOMINAL* MAXIMUM 
JEDEC ZENER VOLTAGE TEST MAXIMUM ZENER IMPEDANCE DC ZENER CURRENT 
TYPE V, @ln CURRENT a @lIn Fo 


T,= 25°C T, = 150°C 
1n@Vv,=1V In@ Ve =1V 
BA BA 


1N4370 
1N4371 
1N4372 
1N746 
1N747 
1N748 


1N749 
1N750 
1N751 
IN752 
1N753 
1N754 


1N755 
1N756 
1N757 
1N758 
1N759 
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— Motorola Silicon Zener Diodes 


1N761 thru 1n769 


Recommended for applications requiring an exact re- 
placement only. For new designs see 1N746 -- and 
1N4370 -- series. 


in957 thru IN9Q2 400 mW 


6.8 — 200 V 


Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
CASE 51 by color band, will be positive with respect to anode 
(DO-7) \ end when operated in the zener region. 


MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to +1759C 

DC Power Dissipation: 400 mW at 509C Ambient (Derate 3.2 mw/°C 
above 50°C Ambient. ) 


TOLERANCE DESIGNATIONS 


With no suffix, tolerance is + 20%, for + 10% units, add suffix A, for + 5% units, 
add suffix B. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


NOMINAL* MAXIMUM ZENER IMPEDANCE MAXIMUM MAXIMUM REVERSE CURRENT 
JEDEC ZENER VOLTAGE TEST pe Ce 0C ZENER CURRENT 
TYPE Vv, CURRENT Izu 

NUMBER In Zn @\n Zx@lx 1, MAXIMUM TEST VOLTAGE Vic 

mA Ohms Ohms A 5% ¥, 10% 
1N957 6.8 18.5 4.5 700 1.0 47 150 5.2 4.9 
1N958 7.5 16.5 5.5 706 0.5 4z re 5.7 5.4 
1N959 8.2 15 6.5 700 0.5 38 50 6.2 5.9 
1N960 9.1 14 7.5 700 0.5 35 25 6.9 6.6 
1N961 10 12.5 8.5 700 0.25 32 10 7.6 7.2 
1N962 11 11.5 9.5 700 0.25 28 5 8.4 8.0 
1N963 12 10.5 11.5 700 0.25 26 5 9.1 8.6 
1N964 13 9.5 13 700 0.25 24 5 9.9 9.4 
1N965 15 8.5 16 700 0.25 21 5 11.4 10.8 
1N966 16 1.8 17 700 0.25 19 5 12.2 11.5 
1N967 18 7.0 21 750 0.25 17 5 13.7 13.0 
1N968 20 6.2 25 750 0.25 15 5 15.2 14.4 
1N969 22 5.6 29 750 0.25 14 5 16.7 15.8 
1N970 24 5.2 33 750 0.25 13 5 18.2 17.3 
1N971 27 4.6 41 750 0.25 11 5 20.6 19.4 
1N972 30 4.2 49 1000 0.25 10 5 22.8 21.6 
1N973 33 3.8 58 1000 0.25 9.2 5 25.1 23.8 
1N974 36 3.4 70 1000 0.25 8.5 5 27.4 25.9 
1N975 39 3.2 80 1000 0.25 1.8 5 29.7 28.1 
1N976 43 3.0 93 1500 0.25 7.0 5 32.7 31.0 
1N977 47 2.7 105 1500 0.25 6.4 5 35.8 33.8 
1N978 51 2.5 125 1500 0.25 5.9 5 38.8 36.7 
1N979 56 2.2 150 2000 0.25 5.4 5 42.6 40.3 
1N980 62 2.0 185 2000 0.25 4.9 5 47,1 44,6 
1N981 68 1.8 230 2000 0.25 4.5 5 51.7 49.0 
1N982 15 1.7 270 2000 0.25 4.0 5 56.0 54.0 
1N983 82 1.5 330 3000 0.25 3.7 5 62.2 59.0 
1N984 91 1.4 400 3000 0.25 3.3 5 69.2 65.5 
1N985 100 1.3 500 3000 0.25 3.0 5 76.0 72.6 
1N986 110 1.1 750 4000 0.25 2.7 5 83.6 79.2 
1N987 120 1.0 900 4500 0.25 2.5 5 91.2 86.4 
1N988 130 0.95 1100 5000 0.25 2.3 5 98.8 93.6 
1N989 150 0.85 1500 6000 0.25 2.0 5 114.0 108.0 
1N990 160 0.80 1700 6500 0.25 1.9 5 121.6 115.2 
1N991 180 0.68 2200 7100 0.25 1.7 5 136.8 129.6 
1N992 200 0.65 2500 8000 0.25 1.5 5 152.0 144.0 


* SPECIAL SELECTIONS 1 — Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 


a. Two or more units for series connection with specified tolerance on total voltage i Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and+1% 
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Motorola Silicon Zener Diodes 


inI313 thru inI S27 | 150 mW 


8.75 — 127.5 V 


Very low power zener diodes with standard +10% toler- 
ances. Available with +5% tolerance by adding suffix 
"A" to type number. Single-ended hermetically sealed 


metal case designed for easy insertion in printed -circuit 
CASE 53 boards. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature Range: -65 to +175°C (Derate 1mW/°C 
above 25°C), 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


| Max Reverse Current | Reverse Current 


Max Reverse Current 


Ta = 25°C JT, = 100°C 
re In @ Vp 
uA 
= 


Test Test 


Voltage 


Nominal 
Voltage 
Vz @ Iz; = 200 »A 
volts 


C IT, = 100° ae Voltage 
ie @ ie In @ Vp V 
Me 


1N1313 
1N1314 
1N1315 
1N1316 
1N1317 


1N1322 


Max Reverse Current 


Ta = 25°C IT, = 100°C 
oo one 


Nominal 
Voltage 
Vz @ Iz7 = 200 uA 


1N1327 


1N13.51 thru 1n1375 eae 


Recommended for applications requiring anexact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 


CASE 56 
(DO-4) 
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Motorola Silicon Zener Diodes 


34 Watt 


re 3.9—27V 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see l-watt, 1N3016 and 


\ 1N3821 series. 
CASE 52 \ 


1 Watt 


INT 518 thru 1N1528 3.9—27V 


Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N3016 and 
1N3821 series. 


CASE 56 
(DO-4) 


3.5 Watt 


1N1 588 thru 1n 1598 3.9—27V 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 and 1N3993 


series. 
CASE 56 
(DO-4) 
1N1 599 thru 1n1609 10 Watt 


3.9—27V 


Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N2970 and 
1N3993 series. 


CASE 56 
(DO-4) 
1 Watt 
IN] 765 thru 1n1802 5.6 — 200 V 
\ Recommended for applications requiring anexact re- 
placement only. For new designs and for industry pre- 
' ferred replacement devices, see 1N3016 series. 
CASE52 ~— \ 


Motorola Silicon Zener Diodes 


10 Watt 


1N1803 thru 1n1836 5.6 — 200 V 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 and 1N3993 


series. : 
CASE 56 
(DO-4) 
10 Watt 
1N2008 thru 1nN2012 100 — 150 V 


Recommended for applications requiring anexact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 


CASE 56 
(DO-4) 


34 Watt 


1N2032 thru 1n2040 4.3—12V 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3821 and 1N3016 
series, 


CASE 56 
(DO-4) 


iN2041 thru 1 N2 049 ae Vv 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3993 and 1N2970 


series. 
CASE 56 
(DO-4) 
1N2498 thru 1n2500 10 Watt 


10—12V 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 


CASE 56 
(DO-4) 
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Motorola Silicon Zener Diodes 


in2804 thru in2846 


50 Watt 
6.8 — 200 V 


Units are available with anode-to-case and cathode- 
to-case connections (standard and reverse polarity). 
Has two parallel pin connections to ungrounded element 
so that circuit to load may be broken if unit is removed 
from socket. For reverse polarity, add suffix '"R" to 
CASE 54 type number. Samedevices instud-type package avail- 

O38) able— see 1N3305 - 1N3350 series. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 50 Watts. (Derate 0.5 W/°C above 75°C). 


TO-3 APPLICATIONS INFORMATION 


If these units are used witha socket, the unregulated line should feed into one 
pin through a suitable current limiting resistor andthe load should be connected 
to the other pin. This will result in the circuit to the load being broken when 
unit is removed from socket. When soldered-in, pins may be connected in 
series to load, paralleled, or only one may be uSed as suits the application. 


Typical circuit connections for anode-to-case and cathode-to-case polarities 
(standard and reverse polarities, respectively) are as shown on fol lowing page. 
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—— Motorola Silicon Zener Diodes 


1N2804 thru 1N2846 (continued) 
CIRCUIT CONNECTIONS 


STANDARD POLARITY REVERSE POLARITY 
(ANODE TO CASE) ( CATHODE TO CASE) 
(.RE® DOT ON CASE AND 
CURRENT R" SUFFIX ON TYPE NO. 
LIMITING T K JUMPER T JUMPER 
Brereton INTERLOCK JUMPE INTERLOCK E 


UNREGULATED 
oc 


= CHASSIS CHASSIS 
CASE TERMINAL OR GNO. CASE TERMINAL OR GND. 
(-) (+) 


ELECTRICAL CHARACTERISTICS (Ta = 30°C unless otherwise noted) 


Max DC Zener Typical 
Nominal Max Zener impedance Max Reverse Current Zener 
Zener Voltage Test , eurrent Voltage 
EIA Type No. (Vz) @ Izy Current 75°C Case zone eer ————- Temp. Coeff. 
50 Watt (T0-3) Volts (ler) Zap @ Vay Zee @ Iyy = SMA (lzy4) m 1, MAX % /°C 
ohms ohms (uA) 


So 
rN) 


1N2804 
1N2805 
1N2806 
1N2807 


1N2808 
1N2809 
1N2810 
1N2811 
1N2812 


1N2813 
1N2814 
1N2815 
1N2816 
1N2817 


1N2818 
1N2819 
1N2820 
1N2821 
1N2822 


1N2823 
1N2824 
1N2825 
1N2826 
1N2827 


1N2828 
1N2829 
1N2830 
1N2831 


ooo 
On & Ww 
Quan 
pos 
St Nw 


Nye OOM 
22. 22? 
Mwre ff 


ROR ee 
NOOOHML 


NNNN PD 
CUM M A 
MOmMNND] BYONM' A 


COwmMrn)] PWwWrre 


3.0 
3.2 
3.5 
4.0 
4.5 


QAananes 
UNDOM 


1N2832 
1N2833 
1N2834 
1N2835 
1N2836 


1N2837 
1N2838 
1N2839 
1N2840 
1N2841 


1N2842 


1N2843 
1N2844 


1N2845 
1N2846 


Annan nnn 


* SPECIAL SELECTIONS 1 — Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage } Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%,+2%, and +1% 
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—— Motorola Silicon Zener Diodes 


1N2Z9/0 thru 1nSOT5 10 Watt 


6.8 — 200 V 


Diffused-junction zener diodes for both military and 
high-reliability industrial applications. Available with 
anode-to-case and cathode-to-case connections (stand- 


ard and reverse polarity), i.e. , 1N2970 and 1N2970R. 


CASE 56 Supplied with mounting hardware. 


(DO-4) 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 10 Watts. (Derate 83.3 mW/°C above 55°C). 


(cont'd next page 


Motorola Silicon Zener Diodes 


1N2970 thru 1N3015 (continued) 


RA ISTICS (At 30°C temperature unless otherwise specified) 
SEO aap te vt =15 V max @ Ir = 2 ampon all typés. 


Nominal* Max Zener Impedance Max. Reverse Current 
Zener Voltage Test i! DC ta 
JEDEC Vz @ Iz; Current urren 
{ Z @ | Zz @ | lax t mA Ie Max Ve 
Type No. Volts 44 ag 7 on zk = zM (uA) an} 


1N2970 
1N2971 
1N2972 
_1N2973 
1N2974 


1N2975 
1N2976 
1N2977 
1N2978 
1N2979 


1N2980 
1N2 982 
1N2983 
1N2984 
1N2985 


1N2986 
1N2988 
1N2989 
1N2990 
1N2991 


1N2992 
1N2993 
1N2995 
1N2996 
1N2997 


pmb eee pec ed pe 
ooooeo 


1N2998 
1N2999 
1N3000 
1N3001 
1N3002 


onal anl-aelon 
ooooo 


1N3003 
1N3004 
1N3005 
1N3006 
1N3007 


eenill eiillon Sa ) 
ooocoo°o 


86.4 
93.6 
100.8 
108.0 
115.2 


1N3008 
1N3009 
1N3010 
1N3011 
1N3012 


nati antl antl toe 
oooc°coe 


P 136.8 129.6 
Pepe : 152.0 144.0 


* SPECIAL SELECTIONS 1 — Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: fy a 
a. Two or more units for series connection with specified tolerance on total voltage } Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and +1% 


Motorola Silicon Zener Diodes 


1 Watt 
INGO] 6 thru iNGO51 FLANGELESS CASE 6.8 — 200 V 


1M6.8 Z thru 1M 200 Z TOP HAT CASE* 


Choice of two hermetically sealed packages, with 36 
standardvoltage ratings and 5%, 10% and 20% standard 
CASE 52 tolerances. Cathode connected to case. 


\ 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1 Watt. (Derate 6. 67 mW/°C above 25°C). 


Motorola Silicon Zener Diodes —— 


1N3016 thru 1N3051 (continued) 


ELECTRICAL CHARACTERISTICS 


(At 25°C case temperature unless otherwise specified) 
Vr = 1.5 Vmax @ 200 mA on all types 


Max Zener Impedance Max. Reverse Current 
Nominal « Typical 
JEDEC Motorolat Motorola Zener Voltage ‘Test Max DC Zener Zener Voltage 
Type No. ‘Type No. TypeNo. V.@kr Current Current Temp. Coeff. 
(Flangeless) (Flangeless) (Top Hat) Volts kt Zn @kr Ex @lx Ver to MA %/°C 
mA Ohms Ohms 10% 


1N3016 3/4M6. 8Z 
1N3017 3/4M7.5Z 
1N3018 3/4M8. 2Z 
1N3019 3/4M9.1Z 


1N3020 3/4M10Z UM10Z 
1N3021 3/4M11Z 1M11Z 
1N3022 3/4M12Z 1M12Z 
1N3023 3/4M13Z 1M13Z 


cooo] ooo 
Sat oe ak pel (esate da a 


1N3024 3/4M15Z 
1N3025 3/4M16Z 
1N3026 3/4M18Z 
1N3027 3/4M20Z 


1N3028 3/4M22Z 
1N3029 3/4M24Z 
1N3030 3/4M27Z 
1N3031 3/4M30Z 


1N3032 3/4M33Z 
1N3033 3/4M36Z 
1N3034 3/4M39Z 
1N3035 374M43Z 


1N3036 3/4M47Z 
1N3037 3/4M51Z 
1N3038 3/4M56Z 
1N3039 3/4M62Z 


Se ea ae 


1N3040 3/4M68Z 
1N3041 3/4M75Z 
1N3042 3/4M82Z 
1N3043 3/4M91Z 


1N3044 3/4M100Z 1M100Z 
1N3045 3/4M110Z 1M110Z 
1N3046 3/4M120Z 1M120Z 
1N3047 3/4M130Z 1M130Z 


1N3048 3/4M150Z 1M150Z 
1N3049 3/4M160Z 1M160Z 
1N3050 3/4M180Z 1M180Z 
1N3051  3/4M200Z 1M200Z 


t 1 Watt Ratings 


* SPECIAL SELECTIONS 1— Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2 — Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage | Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +§%, +2%, and+1% 
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—— Motorola Silicon Zener Diodes 


1N3305 thru 1N335O 50 Watt 


6.8 — 200 V 


Available with anode -to-case or cathode-to-case con- 
nection (standard or reverse polarity). For reverse 
polarity, add Suffix ''R" to type number. Same devices 
in TO-3 package available for both military and indus- 
trial applications, see 1N2804 - 1N2846 series. 


CASE 58 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65 to + 175°C 
D.C. Power Dissipation: 50 Watts (Derate 0.5 W/°C above 75°C-see Figure 3) 


ELECTRICAL CHARACTERISTICS (At 30°C case temperature unless otherwise specified) 
Ve = 1.5V max @ 10A onaall types. 


Max DC Z Typical 
ee Max Reverse Current Zener . 
Test : a Voltage 
EIA Type No. (Vz) @ Igy Current 1S ane "ie Temp. Coeff. 
50 Watt (Stud) Volts (Iz1) Zr @ S27 Zu @ Ia = SMA (Iza) m 1, MAX % /°C 
_ (Note 1) mA ohms ohms (uA) 


1N3305 
1N3306 
1N3307 
1N3308 


Nominal Max Zener impedance 
Zener Voltage 


° 
NS 


1N3309 
1N3310 
1N3311 
1N3312 
1N3313 


1N3314 15 830 80 2800 11.4 10.8 .070 
1N3315 16 780 80 2650 i2.2 ii.5 .070 
1N3316 17 740 80 2500 13.0 12.2 075 
1N3317 18 700 80 2300 13.7 13.0 .075 
1N3318 19 660 80 2200 14.4 13.7 075 


1N3319 
1N3320 
1N3321 
1N3322 
1N3323 


1N3324 
1N3325 
1N3326 
1N3327 
1N3328 


1N3329 
1N3330 
1N3331 
1N3332 
1N3333 


1N3334 
1N3335 
1N3336 
1N3337 
1N3338 


MANCONMFHNOUNOCTOINMM HV pl rncwmaalnHowanluaw 


—OMINMPUNnnAs PES PWWWITNNMNMR YF MME HY — 


1N3339 
1N3340 
1N3341 
1N3342 
1N3343 


1N3344 
1N3345 
1N3346 
1N3347 
1N3348 
1N3349 
1N3350 


AOnn nnn Aomnnnn Onnnn Oonnn un Nanna Woon wm Nanni Wotan 


* SPECIAL SELECTIONS 1— Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage } Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and+1% 
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Motorola Silicon Zener Diodes ——. 


1N3305 thru 1N3350 (continued) 


INGO/ 5 thru INOJO3 ~ 34 Watt 


6.8 — 100 V 


Oxide passivated silicon zener diodes in void-free sili- 
cone polymer case. Offer 3/4 Watt performance ina 


CASE 59 package no largerin volume than a conventional 400 mW. 
glass package. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 750 Milliwatts at 50°C Ambient. 
(Derate 6 mW/°C) 


Lead Temperature, 1/16 + 1/32 inch from case: +235°C for 12 seconds. 
(Method 2031, MIL-STD-750). 


Tolerance Designation: Tolerances of + 10% or + 5% are indicated by suffix- 
ing "A" or ''B" respectively to the JEDEC or Motorola type number. Plus or 


minus 20% tolerances are indicated by the omission of the suffix letter. Ex- 
amples: 


1N3680 = 11 Volts + 20% tolerance 
1N3685A = 18 Volts + 10% tolerance 
MZ623-18B= 25 Volts + 5% tolerance 
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Motorola Silicon Zener Diodes 


1N3675 thru 1N3703 (continued) 


ELECTRICAL CHARACTERISTICS 25°C Ambient Vr =1.5V @ Ir = 200 mA for all units) 


Nominal* Test Max Zener Impedance 
Motorola Zener Voltage 
Current 


Typical 
Zener 


Max DC Zener|In = 5 mA 


Type No. Vz @ Izr Max @ | voltage 
Izr Zzk @ Izk Zzt @ Izr Reverse tremp. Coeff. 
mA Ohms Ohms Voltage %/°C 


1N3675 18.5 4.5 700 2 4.9 
1N3676 16.5 5.5 700 esi 5.4 
1N3677 15.0 6.5 700 2 5.9 
1N3678 14.0 7.5 700 .9 6.2 
1N3679 12.5 8.5 700 .6 7.2 
1N3680 MZ623-6 11.5 9.5 700 | 8.0 
1N3681 MZ623-7 10.5 11.5 700 1 8.6 
1N3682 MZ623-8 9.5 13.0 700 .9 9.4 

MZ623-9 9.0 14.5 700 6 10.1 
1N3683 MZ623-10 8.5 16.0 700 .4 10.8 
1N3684 MZ623-11 7.8 17.0 700 m 11.5 

MZ623-12 7.2 19.0 700 0 12.2 
1N3685 MZ623-13 7.0 21.0 750 tt 13.0 

MZ623-14 6.5 23.0 750 .4 13.7 
1N3686 MZ623-15 6.2 25.0 750 2 14.4 
1N3687 MZ623-16 5.6 29.0 750 £7 15.8 
1N3688 MZ623-17 5.2 33.0 750 2 17.3 

MZ623-18 5.0 36.0 750 .0 18.0 
1N3689 MZ623-19 4.6 41.0 750 .6 19.4 
1N3690 MZ623-20 4.2 49.0 1000 .8 21.6 
1N3691 MZ623-21 3.8 58.0 1000 1 23.8 
1N3692 MZ623-22 3.4 70.0 1000 .4 25.9 
1N3693 MZ623-23 3.2 80.0 1000 my 28.1 
1N3694 MZ623-24 3.0 93.0 1500 es 31.0 

MZ623-25 2.8 99.0 1500 2 32.4 
1N3695 MZ623-26 PM | 105.0 1500 8 33.8 
1N3696 MZ623-27 2.5 125.0 1500 .8 36.7 
1N3697 2.2 150.0 2000 .6 40.3 
1N3698 2.0 185.0 2000 1 44.6 
1N3699 1.8 230.0 2000 7 49.0 
1N3700 129 270.0 2000 .0 54.0 
1N3701 1.5 330.0 3000 2 59.0 
1N3702 1.4 400.0 30u0 o: 65.5 
1N3703 1.3 500.0 3000 .0 72.0 


1N3785 thru INSO2O0 1.5 Watt 


6.8 — 200 V 


Low silhouette single-ended package for printed circuit 
CASE 55 or socket mounting. Cathode connected to case, but 
reverse polarity available on special order. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1.5 Watts. (Derate 10 mW/°C) 
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—— Motorola Silicon Zener Diodes 


1N3785 thru 1N3820 (continued) 


ee, 
JEDEC re . 

| | 1, Max 5% 10% 
TypeNe, V2) @ly (tn) — a ey 


Volts 


1N3785 
1N3786 
1N3787 
1N3788 
1N3789 


1N3790 
1N3791 
1N3792 
1N3793 
1N3794 


1N3795 
1N3796 
1N3797 
1N3798 
1N3799 


1N3800 
1N3801 
1N3802 
1N3803 
1N3804 


1N3805 
1N3806 
1N3807 
1N3808 
1N3809 


1N3810 
1N3811 
1N3812 
1N3813 
1N3814 


1N3815 
1N3816 
1N3817 
1N3818 
1N3819 
1N3820 
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* SPECIAL SELECTIONS 1— Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: : a 
a. Two or more units for series connection with specified tolerance on total voltage } Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, 42%, and+1% 
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Motorola Silicon Zener Diodes 


1N3785 thru 1N3820 (continued) 
ELECTRICAL CHARACTERISTICS asc ambient Vr = 1.5 V @ Ir = 200 mA for all units) 


Nominal Max Zener Impedance 
Zener Voltage 1, = 10,.A Max Typical Zener 
JEDEC @ lar @ oltage/temp. Coeff. 
TYPE NO. (Vz) Volts Reverse Voltage 
V_ 5% or Vz 10% 


1N3821 
1N3821A 
1N3822 
1N3822A 


1N3823 
1N3823A 
1N3824 
1N3824A 


1N3825 
1N3825A 
1N3826 
1N3826A 


1N3827 
1N3827A 
1N3828 
1N3828A 


1N3829 
1N3829A 
1N3830 
1N3830A 


BARAlAaunGTlLaans w]e pw fw wow 
MNNOOIWNNHAAl == aEIl0w Oo Ol @ w w 
AII00& 


INGO2 I thru IN3S 0 1 Watt 
\ 


Low-voltage, alloy-junction zener diodes in hermeti- 
cally sealed package with cathode connected-to-case. 
Available as standard industrial types as well as for 
CASE 52 military and high-reliability applications. 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1 Watt.(Derate 6.67 mW/°C above 25°C) 


Motorola Silicon Zener Diodes 


1N3993 thru 1n4000 — 10 Watt 


3.9—7.5V 


Low-voltage, alloy-junction zener diodes in hermeti- 
cally sealed package with cathode connected to case. 
Supplied with mounting hardware. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 10 Watts.(Derate 83.3 mW/°C above 55°C). 


ELECTRICAL CHARACTERISTICS (Ts = 30°C + 3, Ve = 1.5 max @ Ir = 2 amp for all units) 


Nominal Max Zener impedance 
Zener Voltage Test Max DC Zener @ 
JEDEC Vz @ les Current Current 


Type No. Volts ler Zev @ ex Zex @ bx = 1.0 mA lew MA l. V. 
mA Ohms Ohms uA Max Volts 


1N3993 


1N3994 
1N3995 
1N3996 


1N3997 
1N3998 
1N3999 
1N4000 
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Moforola Silicon Zener Diodes —— 


1N4099 thru 1N4135 | ae 100 V 


Oxide passivated devices with extremely low, speci- 
fied noise level. Designed for low-level operation over 
CASE 51 expanded temperature range from -75°C to +200°C. 


(DO-7) 


ABSOLUTE MAXIMUM RATINGS 


, 


ee 
a ee eee 


m 


TOLERANCE AND VOLTAGE DESIGNATION 


The JEDEC type numbers shown have a standard tolerance of +5% on the 
nominal zener voltage. 


MATCHED SETS FOR CLOSER TOLERANCE OR HIGHER VOLTAGES 


Series matched sets make zener voltages inexcess of 100 volts or tolerances — 
of less than 5% possible as well as providing lower temperature coefficients, 
lower dynamic impedance and greater power handling ability. 


For Clippers, Parallel Matched Sets or other special circuit requirements, 
contact your Motorola District Sales Manager. 


ZENER NOISE DENSITY 


A zener diode generates noise when it is biased in the zener direction. A 
small part of this noise is due to the internal resistance associated with the 
device. A larger partof zener noise is a result of the zener breakdown pheno- 
menon and is called microplasma noise. This microplasma noise is generally 
considered "white" noise with equal amplitude for all frequencies from about 
zero cycles to approximately 200, 000 cycles. To eliminate the higher frequency 
components of noise a small shunting capacitor can be used. The lower fre- 
quency noise generally must be tolerated since a capacitor required to eliminate 
the lower frequencies would degrade the regulation properties of the zener in 
many applications. 
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Motorola Silicon Zener Diodes —— 


1N4099 thru 1N4135 (continued) 


Motorola is rating this series with a maximum noise density at 250 micro- 
volts. The rating of microvolts RMS per square root cycle enables calcula- 
tion of the maximum RMS noise for any bandwidth. 


Noise density decreases as zener current increases. This can be seen by 
the graph in Figure 2 where a typical noise density is plotted as a function of 
zener current. 


The junction temperature will also change the zener noise levels. As tempera- 
ture is increased, the noise levels decrease. The change is approximately 
20% from 25°C to100°C, Thus the noise rating must indicate eee current 
level and temperature. | 


The block diagram givenin Figure 1 shows the method used to measure noise 
density. The input voltage and load resistance is high so that the zener is 
driven from a constant current source. The amplifier must be low noise so 
that the amplifier noise is negligible compared to the test zener. The filter 
bandpass is known sothat the noise density in volts RMS per square root cycle 
can be calculated. 


FIGURE 1 — NOISE DENSITY MEASUREMENT METHOD 


AMPLIFIER 
+ 
LOAD RESISTOR 
AMMETER 
D.C. POWER TEST ZENER 
SUPPLY 


FIGURE 2 — NOISE DENSITY versus ZENER CURRENT 


Np NOISE DENSITY (MICROVOLTS PER SQUARE ROOT CYCLE) 


100 125 150 225 250 275 300 
I, ZENER CURRENT me 


Vou 
NOISE DENSITY (VOLTS PER SQUARE ROOT CYCLE) = RRLLGAIN © GW 
OVERALL GAIN \/B 


WHERE: BW = FILTER BANDWIDTH me 
Vout = OUTPUT NOISE (VOLTS RMS) 
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Motorola Silicon Zener Diodes 


1N4099 thru 1N4135 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°CAmbient temperature unless otherwise specified.) 
Vr == 1.0 max @ Ir = 200 mA on all types 


@ I yy == 250;-Amps Max. Noise Density 


Nominal ; ; at hy = 250A 
JEDEC Type lener Voltage in. Test Np Max. Zener Current 
Number rn |Current @ Voltage (Fig 1) lw 
(Note 1) In (Note4) V,_  }(micro-volts per (Note 3) 
(uA) (volts) | square root cycle) (mA) 


1N4099 
1N4100 
1N4101 
1N4102 
1N4103 


1N4104 
1N4105 
‘1N4106 
1N4107 
1N4108 


1N4109 
1N4110 
1N4111 
1N4112 
1N4113 


1N4114 


1N4115 
1N4116 
1N4117 
1N4118 


1N4119 
1N4120 
1N4121 
1N4122 
1N4123 


1N4124 
1N4125 
1N4126 
1N4127 
1N4128 


1N4129 
1N4130 
1N4131 
1N4132 
1N4133 


1N4134 
1N4135 
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“SPECIAL SELECTIONS 1 — Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage } Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and+1% 


1n4370 thru 1n4372 


For Specifications, see 1N746 thru 1N759 data sheet. 
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‘Motorola Silicon Zener Diodes 


1N4728 thru1n47 64 pa Aine 


\ Watt SURMETIC* silicon zener diodes designed for 
constant voltage reference from 3. 3 thru 100 volts, 
Bxcires with 10% and 5% tolerances. These diodes are pack- 
Geen tie aged in a void-free silicone polymer case which is no 
CSurneuleK Fae age) ) larger than the conventional 400 mW glass package. 


\ 


MAXIMUM RATINGS 


POWER RATING versus 
AMBIENT TEMPERATURE 


Pp, POWER DISSIPATION (WATTS) 


0 25 90 19 100 125 150 175 =. 200 
Ta, AMBIENT TEMPERATURE (°C) 


MECHANICAL CHARACTERISTICS 
CASE: Void free, transfer molded, thermosetting silicone polymer. 


FINISH: All external surfaces are corrosion resistant. Leads are readily 
solderable. | 


POLARITY: Cathode, indicated by color band. When operated in zener mode 
cathode will be positive with respect to anode. 7 


MOUNTING POSITION: Any 


WEIGHT: 0.42 gram (approximately) 
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Motorola Silicon Zener Diodes ———— 


1N4728 thru 1N4 764 (continued) 


ELECTR | CAL Cc H ARACTERI STI CS: (At 25°C ambient temperature unless otherwise specified) Ve = 1.5V max @ 200 mA on all types 


Nominal Max Zener Impedance Surge Max DC Zener 
Zener Voltage (Note 3) Current Current Typical 
JEDEC Vz @ ter @T, = 25°C be Zener Voltage 
Ip v R mA Temp. Coeff. 
wAMax @ volts | (ietes) | (Note 4) %/°C 
1.0 10 


Type No. Volts ln @ Zn @ bx 
(Note 1) (Note 2) “we “Ohms 


1N4728 1M3.3Z810 
1N4729 1M3.6ZS10 
1N4730 1M3.9ZS10 
1N4731 1M4.3ZS10 
1N4732 1M4.7Z810 


1N4733 1M5.12S10 
1N4734 1M5.6ZS10 
1N4735 1M8.2ZS10 
1N4736 1M6.8ZS10 
1N4737 1M7.5ZS10 


1N4738 1M8.2ZS10 
1N4739 1M9.1ZS10 
1N4740 1M10ZS10 
1N4741 1M11ZS10 
1N4742 1M12ZS10 


1N4743 1M13ZS10 
1N4744 1M15ZS10 
1N4745 1M16ZS10 
1N4746 1M18ZS10 
1N4747 1M20ZS10 


1N4748 1M22ZS10 
1N4749 1M24ZS10 
1N4750 1M27ZS10 
1N4751 1M302ZS10 
1N4752 1M33ZS810 


ame o or 


| 


1N4753 1M36ZS10 
1N4754 1M39ZS10 
1N4755 1M43ZS10 
1N4756 1M47ZS10 
1N4757 1M51ZS10 


Py 


ANIA D a 
omouaeo 


1N4758 1M56ZS10 
1N4759 1M62ZS10 
1N4760 1M68ZS10 
1N4761 1M75ZS10 
1N4762 1M82ZS10 


1N4763 1M91ZS10 
1N4764 1M100ZS10 
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— Moforola Temperature Compensated Zener Reference Diodes —— 


MOTOROLA TEMPERATURE COMPENSATED REFERENCE DIODES 


Temperature compensated reference diodes are made possible by taking ad- 
vantage of the differing thermal characteristics of forward and reverse biased 
silicon PN junctions. A forward biased junction has a negative temperature 
coefficient of approximately 2.0 millivolts/°C. Reverse biased junctions above 
5 volts have a positive temperature coefficient and therefore it is possible by 
judicious selection of combinations of forward and reverse biased junctions to 
obtain a device which shows a very low temperature coefficient due to cancella- 
tion. Because of the differing impedance versus temperature characteristics 
of the junctions involved, optimum temperature stability is obtained by operat- 
ing in the zener current range at which the temperature coefficient is a minimum. 


VOLTAGE-CURRENT CHARACTERISTICS 


All Motorola reference diodes are characterized by the ''box'' method which 
specifies a guaranteed maximum voltage variation (AVz) over an indicated tem- 
perature range. This method permits the designer to select the required ref- 
erence diode directly on the basis of temperature range and voltage variation. 


Because of device impedance, the reference voltage will vary with. changes 
in zener current. These variations can be minimized by driving the device 
from a constant current source. 


VOLTAGE VARIATION (AVz) AND TEMPERATURE COEFFICIENT 


All Motorola reference diodes are characterized by the 'box'' method. This 
method provides for a guaranteed maximum voltage variation (AV, in mV) over 
a specified temperature range, verified by. tests at several points within the 
range. (Maximum voltage variations over the specified temperature ranges 
are given in Tables associated with each device type.) The design engineer 
now has a number (without any calculations) telling him the stability of the 
voltage over the temperature range of interest thus giving him the maximum 
flexibility as well as economy in selecting the temperature stability required. 
Military specifications now being issued use this approach to characterize these 
devices. 


Since reference diodes have a non-linear voltage-temperature relationship 
the temperature coefficients in the tables are tabulated primarily for reference 
purposes and guaranteed only atthe end points of the temperature range. 


ZENER IMPEDANCE DERIVATION 


The dynamic zener impedance, Z7-7, is derived fromthe 60 cycle ac voltage 
which results when an ac current having an rms value equal to 10% of the de 
zener current, I77p, is superimposed on I7-7. Curves showing the variation 
of zener impedance with zener current for each series are given in figures 7 
thru 12. A 100% cathode-ray tube curve trace test is used to ensure that each 
zener characteristic has a sharp and stable knee region. 
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—— Moforola Temperature Compensated Zener Reference Diodes —— 


in429 6.2V 


INOZI sERES_ = 6.2 V — 400 mw 
INQS5S sERIES_§§ 9.0 V—500 mw 
INQAl series—§ 11.7 V —500 mw 
INT530 senes_ = 8.4V 

INI735 sens = 6.2V thru 49.6V 
IN2620 series = 9.3V —750 mW 


IN2/65 series _ = 6.8 V thru 40.8 V 


INSID4 series = = 8. 400 mw 
INODOO seRieS_— 11.7 V—750 mW 


Temperature compensated zener 
reference diodes for circuits requir - 
ing extreme stability, high uniformity 
and reliable operation. 


CASE 57 
1N1530 
CASE 52 CASE 51 CASE 53 
1N2620 IN935 1N429 
1N3580 1N941 
1N3154 


ABSOLUTE MAXIMUM RATINGS (at 25°C ambient temperature unless otherwise noted) 


Maximum Zener Current 
1N821 Series (6. 2V), 1N3580 (11. 7V) 

1N935 Series (9. 0V) 

1N941 Series (11. 7V) 

1N2620 Series (9. 3V) 

1N3154 Series (8. 4V) 

1N429, 1N1530, 1N1735 & 1N2765 Series (6. 2-49. 62V) 


ZM 


Power Dissipation (see Figure 13) 
1N821 Series (6.2 V), 1N3154 Series (8.4 V) 
1N935 Series (9.0 V), 1N941 Series (11.7 V) 
1N2620 Series (9.3 V), 1N3580 Series (11.7 V) 
1N429, 1N1530, 1N1735, 1N2765 Series 


Operating Temperature Ty; 
Glass & Metal Package -55 to +175 
Molded Package -55 to +150 
Storage Temperature T, t “¢ 
All Types 6 65 to +175 
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see Table 2 


Motorola Temperature Compensated Zener Reference Diodes 


TN 429 (continued) 


TABLE 1— ELECTRICAL CHARACTERISTICS (at Ip & T, = 25°C unless otherwise specified) 


Test 

@ Tempera-. 
ture 
(°C) 


1N821 *] . . r 1N3154 
1N823 * | . . 1N3155 
1N825 * | . . 1N3156 
1N827 * |. F ‘ . 1N3157 
1N829 | 


-55, +25, +100 


IN821A 
1N823A 
1N825A 
IN827A 
1N829A 


-55, +25, +100, 


-55, +25, +100 +150 


Ve 


0, +25, +75 ‘ 0, +25, +75 


1N935A . 1N941A 
1N936A 1N942A 

1N937A -55, 0, Br +75, iNoaaa -55, 0, sy +75, 
1N938A bg 3 IN944A + 

IN939A ; ; 1N945A 


1N935B* iN941B* 

1N936B 1N942B 
-55. 0, 425. +75. |° 

1N937B* » 0, +25, +75, 1N943B* 

1N938B* +100, +150 1N944B* 

1N939B 1N945B 


-55, 0, +25, +75, 
+100, +150 


Z 


1N2620 : 1N3580 | .088 
1N2621 - ; 1N3581 | .044 | 0, 25, +75 
1N2622 0, +25, +75 1N3582 | .018 
1N2623 ; 
1N2624 | 
-55, 0, +25, +75 | “W7, 
-55, 0, +25, +75, |° +100 * : 
+100 


Vo V,=11.7 Volts + ne (pp = 7.5 mA) 


-55, 0, +25, +75, 
-55, 0, +25, +75, |° : +100, +150 
+100, +150 ; : 


*Military types available. 
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—— Motorola Temperature Compensated Zener Reference Diodes 


TN 429 (continued) 


TABLE 2 — ELECTRICAL CHARACTERISTICS (at lor =7.5mA& Ty = 25°C unless otherwise specified) 


Max Volt- Max 
Zener age Change | Dynamic 
Voltage @ -55, Impedance 
V_ +5% +25, +100 °C Z 
: AV, (Volts) aT 


JEDEC 
Type 
Number (Volts) 


1N2766 
1N2766A 13.6 
1N1737 
1N1737A 18.6 


1N2768 
IN2768A 


1N2769 
IN2769A 


1N1740 | 
1N1740A 


1N2770 
IN2770A 


= 10mA * Military type available ** Derate linearly from 25°C to 150°C 


MECHANICAL CHARACTERISTICS 
Molded j 


Case: All glass, Welded, hermetically Void free, thermo- 
hermetically sealed sealed, metal & glass | setting polymer 


Polarity: Cathode indicated by Indicated by diode Indicated by diode symbol 
polarity band symbol except 1N429, 1N1530, 
1N1530A where cathode 


indicated by polarity dot 
of contrasting color 


Weight: 0. 2 grams (approx. ) 1.5 grams (approx. ) Varies according to 
device 
min 0. 5 grams 
max 12 grams 


All external surfaces corrosion resistant and leads readily soiderable. 
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IN 429 (continued) 


POWER- TEMPERATURE DERATING CURVES 


1 — 1N2620 & 1N3580 SERIES 
2 — 1N935 & 1N941 SERIES 
3 — 1N821 & 1N3154 SERIES 


Pp, POWER DISSIPATION (MILLIWATTS) 


0 25 50 75 100 125 150 175 = 200 
T, AMBIENT TEMPERATURE (°C) 


ZENER IMPEDANCE versus ZENER CURRENT 


Z,,ZENER IMPEDANCE (OHMS) 


1 2 4 81 20 40 60 
ha, ZENER CURRENT (MILLIAMPERES) 


ENER IMPEDANCE versus ZENER CURRENT 


ZEN 


1000 


eo 
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1.0 10 100 
Iz, ZENER CURRENT (MILLIAMPERES) 


ZENER IMPEDANCE versus ZENER CURRENT 


Z,,ZENER IMPEDANCE (OHMS) 


5 10 20 
Iz, ZENER CURRENT (MILLIAMPERES) 


80 100 
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Motorola Temperature Compensated Zener Reference Diodes 


Zz,ZENER IMPEDANCE (OHMS) 


Z,,ZENER IMPEDANCE (OHMS) 


OUTLINE DIMENSIONS (INCHES) 


PKG A -B c. D 
MAX MAX + .002 MAX 
4-1 100 .500 032 1.25 
4-2 .500 375 032 1.25 
4-3 1.030 378 .032 1.25 
4-4 1.220 .641 .032 1.75 
4-5 655 641 032 1.25 
4-6 520 275 022 1.25 
4-7 1.000 .375 032 1,25 


ZENER IMPEDANCE versus ZENER CURRENT 


LA 
7 a a A 


= i 
Ei Ve 
vial 


- ty, ZENER CURRENT (MILLIAMPERES) 
ZENER IMPEDANCE versus ZENER CURRENT 


200 


ooh 
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iS 
40 
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- eae 
: ott 
5 aes ee a AN 
1 2 4 6 8 10 20 40 
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Motorola Temperature Compensated Zener Reference Diodes 


1N4.565 thru 1n4574_ VE 5% 
1N4775 thru 1N4784 Ls 8 5% 
1N4765 thru 1N4774 8. 5% 


[+ 


+ 


Low level, temperature compensated Zener refer- 
ence diodes designed for long-term voltage stability in 
applications requiring stable, reliable operation at low 
current levels. 


CASE 51 


MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C 


D-C Power Dissipation: 250 Mill watts at 50°C Ambient 
(Derate 2 mW/°C Above 50°C) 


ELECTRICAL CHARACTERISTICS at Iy_ & Ty = 25°C unless otherwise specified) 


1N4565 Series 6. 4 Volts +5% 1N4755 Series 8.5 Volts +5% 1N4765 Series 9.1 Volts +5% 


JEDEC JEDEC JEDEC JEDEC 
Number Number Number Number 


TEST TEMPERATURES TEST , te | 
OPC, 25°C, 75°C on , te | 75°C 
1N4775 1N 4780 
1IN4776 1N4781 
1IN4777 1N 4782 
1N4778 IN 4783 
1N4779 1N4784 


TEST TEMPERATURES 
-55°C, O°C, 25°C, 75°C, 100°C 


IN4775A | 1N4780A 
IN4776A | IN4781A 
IN4777A | 1N4782A 
IN4778A | IN4783A 
IN4779A | 1IN4784A 


TEST TEMPERATURES 
O°C, 25°C, 75°C 


1N4565 1N4570 
1N 4566 1N4571 
1N 4567 1N4572 
1N4568 1N4573 
1N 4569 1N4574 


1N4765 1N4770 
1N 4766 1N4771 
1N4767 1N4772 
1N4768 1N4773 
1N4769 1N4774 


TEST TEMPERATURES 


TEST TEMPERATURES 
-55°C, 0°C, 25°C, 75°C, 100°C 


-55°C, O°C, 25°C, 75°C, 100°C 


IN4765A | 1N4770A 
IN4766A | IN4771A 
IN4767A | 1N4772A 
1IN4768A | 1N4773A 
IN4769A | IN4774A 


IN4565A | 1N4570A 
IN4566A | IN4571A 
IN4567A | IN4572A 
IN4568A | IN4573A 
IN4569A | IN4574A 
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Motorola Reference Amplifiers 


REFERENCE AMPLIFIERS 


mcal 9] I SERIES 6.8V Reference amplifiers for use in regulated power 


) supplies as a combination reference element and 
mca201 | SERIES 8.0V error voltage amplifier. Available with either PNP - 


re NPN t t 
mcAZ111 seRIES 9.5V — aces 


McA221 1 SERIES 11.0 V | ~— 


0.020 MIN 
(NOTE 2) 


NOTES: 


E Suc 1. The specified lead diameter applies inthe zone be- 
Veer Var tween 0.050 and 0.250 fromthe base seat. Between 
0.250 and 0.5 maximum of 0.021 diameter is held. 
Z Outside ofthese zones the lead diameter is not con- 

*MICA1911 Series has zener diode only trolled. 


2. Measured from max diameter of the actual device. 


ABSOLUTE MAXIMUM RATINGS (at 25°C ambient temperature unless otherwise noted) 


Characteristic 
Collector Current 
Collector-Emitter Voltage 


Junction and Storage 


Temperature Range 


Nominal Reference Voltage 6. 8-11.0 nom 
(I, =5 mA, Vor =3V, In = 250 uA) (See Table 1) 


Maximum Reference Voltage Change 
with Temperature 


(I, =5 mA, Voz =3V, I, = 250 yA) 


Zener Impedance . 
(lo— = 5 mA, Le = 10% I) 


Collector-Emitter Breakdown Voltage 
(Ig = 250 pA) 


Collector Cutoff Current 
(Voz = 45 V) 


(Von = 45-V, Ty = 150 0) 


DC Current Gain 


(I, = 250 HA, Vag) 


Small-Signal Transconductance 


(Vor = 3V, IQ - 250 uA, f= 1 ke) 


Motorola Reference Amplifiers - 


TABLE | ELECTRICAL CHARACTERISTICS 


(at lor 


Max 
Voltage 
Type Change 
Num- |{(Note 2) Test 
ber AVREF @ Temperature 
(Note 1) (Volts) (°C) (Volts) 
6.8 Volt Series (om = 5 mA) 


MCA1911N 
MCA1912N 
MCA1913N 
MCA1914N 


0, +25, +75 6.8 + 10% 


MCA1921N 
MCA1922N -55, 0, +25, +75, 
MCA1923N| . +100 


-55, 0, +25, +75, 
+100, +150 


| 0, +25, +75 9.54 10% 


-55, 0, +25, +75, 
+100 


MCA2131N 
MCA2132N 
MCA2133N 
MCA2134N 


-55, 0, +25, +75, 
+100, +150 


NOTES: 


1. Type numbers shown are for devices containing NPN transis- 
tors; for devices with PNP transistors substitute a ''P'’ suffix 
for the ''N"” suffix in the type number. 


NOMENCLATURE 
MCA I1911N 


Motorola 
Circuit Assembly 


Polarity N-NPN P-PNP 


Reference Temperature AV 


REF 25 Specified on 
Voltage Range 


Table 1 (i.e., for 6.8 


19- 6.8V 1, Oto 75°C Volt Series, 1 desig - 
20- 8.0V 2. -55 to +100°C nates AV, p» of .051V) 
21- 9.5V 3. -55 to +150°C 

22 - 11.0 V 


=7.5 mA & Ty = 25°C unless otherwise specified) 


Reference 
Test Voltage 
AVREF @ Temperature VREF 
(Note 1) |(Volts) ( C) (Volts) 


8.6 Volt Series (lop 


=5 mA 


MCA2011N 
MCA2012N 
MCA2013N 
MCA2014N 


0, +25, +75 


-95, 0. +25, +75. 


-55, 0, +25. +75. 
+100, +150 


11.0 Volt Series (I, 


0. +25. +75 11.0 + 10% 


=56.. 0:..4-25:. +75, 


W. 
+100 11.0 + 5% 


MCA2232N 
MCA2233N 
MCA2334N 


-55. 0. +25, +75. 


ur 
+100, +150 11.0 + 5% 


2. WVrer is the maximum voltage variation over the specified 


temperature range, verified by tests at specified points within 
the range. 


TYPICAL APPLICATION IN REGULATED POWER SUPPLIES 


AMPLIFIER 
& SERIES 
CONTROL 
ELEMENT. 


REFERENCE 
VOLTAGE 


5 
| 


DC INPUT 
REF. AMP —> 


REGULATED 
OUTPUT 


ro-cc ce 
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YOUR 
TECHNICAL 
LIBRARY 

ISN'T COMPLETE 


Without Motorola’s Authoritative Handbooks! 


Switching Transistor Handbook — $2.50 


The only reference devoted to the de- 
sign of high-frequency switching circuits, 
this valuable handbook not only provides 
detailed design procedures for saturated 
and current-mode switching circuits, but 
relates much needed device characteriza- 
tion and reliability data to practical worst- 
case design. | 


Circuits Manual — $2.00 


Perhaps you'll never need to count the 
number of peas in a can or even feel the 
urge to add a solid-state ignition system 
to the family car. If you work with semi- 


conductors, however, you will find, in 
addition to such circuits, a wealth of tech- 
nical design information and some very 
useful circuit ideas in the Motorola Semi- 
conductor Circuits Manual. 


Zener Diode and Rectifier Handbook 
— $2.00 
Anyone who designs regulating and 
power control circuitry needs the Motorola 
Zener Diode and Rectifier Handbook. 
This valuable guide provides design anal- 
ysis and useful circuits for a variety of 
zener applications ranging from regulated 
power supplies to surge protection to using 
the zener diode as a coupling device. 
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MOTOROLA SILICON RECTIFIERS 


e For devices meeting military specifications, see page 1-18. 


e For case outline dimensions, see page 1-26. 
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SILICON RECTIFIERS 


The trend in rectifiers, today, is toward silicon. Technically, there are 
many reasons why this is so. In comparison with thermionic tubes, silicon 
rectifiers offer a new era of reliability and performance, and no other solid- 
state rectifier has the inherant advantages of silicon, Silicon shrugs at 
operating temperatures that would quickly wilt other solid-state devices, The 
high forward conductance and low-reverse-leakage current of silicon out- 
classes selenium, and no other type of rectifier packs as much current- 
carrying capacity into as smalla package. Moreover, these advantages of 
silicon rectifiers are now available at costs that are more than competitive 
with other types. 


Motorola manufactures acomplete line of silicon rectifiers for current 
requirements ranging from milliamperes to kiloamperes. These are housed 
in a variety of package types, making them suitable for every electrical and 
electronic application. 


In addition, rectifier assemblies for higher voltage and current devices and 
for applications such as bridges and other circuit configurations are available 
as standard devices and can easily be made to order for custom applications, 
(see page 4-3), 


MULTI-CELL RECTIFIERS 


For high-current rectifiers, Motorola employs the multi-cell concept. This 
approach not only permits the fabrication of higher-current rectifiers, but 
also eliminates many of the problems associated with large single-junction 
devices. - The construction of a typical multi-cell rectifier is shown below. 

Complete seal strength is afforded by the outer 
case, thus preventing any excessive stress on 


the glass-to-metal hermetic inner seal of indi- 
vidual rectifier cells. 


Internal, hermetically sealed, 
welded metal case rectifier 
cells. All individual cells are 
specially processed, tested 


Void-free, molded 
external case affords 
excellent mechanical 
strength, electrical 
isolation, and corrosion 
resistance. Color cod- 
ing of the external case 
provides easy polarity 
identification: —--—---——> 
RED— Cathode to Case 
BLACK —Anode to Case 


Plated copper base is integrally 
connected to the inner case for 
optimum heat transfer and cur- 
rent balance between cells by di- 
rect thermal coupling. 
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and matched for similarity of 
forward voltage characteris- 
tics to assure balanced cur- 
rent sharing and reliable 
parallel operation. Each cell is 
rated to operate at only 75 per 
cent of maximum current 
capability, providing a built-in 
safety margin. 


Resistance to thermal fatigue 
of each cell is assured 
through the use of double 
back-up discs and high tem- 


perature solder construction 


to protect the silicon die 
against stresses. In addition, 
the small junction areas of 
the individual paralleled cells 
result in a total rectifier which 
can better resist thermal 
fatigue because of the smaller 
excursion of dissimilar 
bonded materials (as opposed - 
to a large single-junction 
rectifier). 


Moforola Silicon Rectifiers 


QUICK SELECTION CHART 


MOTOROLA PREFERRED SILICON RECTIFIERS 


VRM (rep) 
Max. Peak 
Repetitive 
Reverse Voltage 


Vem(rep)~“MA% PEAK REPETITIVE REVERSE VOLTAGE 


THIS SELECTION CHART IS FOR QUICK REFERENCE 
ONLY AND THE DETAILED DATA SHEET SHOULD 
BE CONSULTED FOR COMPLETE INFORMATION 


300V | MR1337-4 


1000V 1N4007 


_ 
oO 
> 


1N3208 


1N3209 


1N3210 


1N3211 


1N3212 


1N3213 


1N3214 


STUD MOUNTED, 
FLANGE MOUNTED, 
PRESS FIT 


--MAX HALF WAVE, SINGLE PHASE RECTIFIED FORWARD CURRENT 
(At 25°C Ambient Temp for Axial Lead; 100 to 150°C Case Temp for Stud 
Mount, Flange Mount or Press Fit) 


20 A 


1N248B 


1N249B 


1N1193 


e 1N2 50B 


1N1195 


1N1196 


1N1197 
1 1N1198 


Motorola Silicon Rectifiers 


THIS SELECTION CHART 1S FOR QUICK REFERENCE 
ONLY AND THE DETAILED DATA SHEET SHOULD 
BE CONSULTED FOR COMPLETE INFORMATION 


1N3659 1N1183 | MR1200 | MR1210 | MR1220 | MR1230 | MR1240 | MR1260 | MR1290 


1N3660 | 1N1184 | MR1201 | MR1211 | MR1221 | MR1231 | MR1241 | MR1261 | MR1291 
a ae 1N1185 | MR1202 | MR1212 | MR1222 | MR1232 | MR1242 | MR1262 | MR1292 


1N3493 | 1N3661 | 1N1186 | MR1203 | MR1213 | MR1223 | MR1233 | MR1243 | MR1263 | MR1293 


[| fan se a 
{| ae [mie [ain a 
ueae 1N3663 1N1188 | MR1207 | MR1217 | MR1227 | MR1237 | MR1247 | MR1267 
me 
— 


PRESS FIT 


STUD MOUNTED, 
FLANGE MOUNTED, 
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SILICON RECTIFIER SPECIFICATIONS 


LOW CURRENT RECTIFIERS — 0.1 to 12.0 Amperes 


Forward Current Ape Forward Current ina 
A 
It 


lem (surge) mA lem {surge} mA 
amps 


Case 51 (25°C) (100°C) Case 55 (25°C) 
1N3282 ; 2.5 0.01 1N1567 ; ; 005 
1N3283 0.01 1N1567A : 3 "003 
1N3284 0.01 1N1568 ‘005 
1N3285 0.01 1N1568A : ; 
1N3286 ‘ 0.01 : : os 
Case 41 @) Case 59 — SURMETIC 


1N1730 1N4001 
1N1731 1N4002 
1N1732 1N4003 
1N1733 1N4004 
1N1734 1N4005 
1N2382 1N4006 
1N2383 1N4007 
12384 
1N2385 Case 60/Case 60, 70 @) 75°C) 
Case 55 (150°C) 1N4719/MR1030 300 
1N1563 : ; 7 ; 1N4720/MR1031 300 
IN1563A . : : 1N4721/MR1032 300 
1N1564 : ‘ : ——_ /MR1033 300 
1N1564A ; ; ; 1N4722/MR1034 300 
1N1565 ; ‘ : — _/MR1035 300 
1N1565A ; : 1N4723/MR1036 300 
1N1566 : ‘ ‘ 1N4724/MR1038 300 
1N1566A : : : 1N4725/MR1040 300 


mwNN 
oan oo 


o 
2 


(75°C) 
.03 


ooooo°oco°oeo 
CORP EENND 
NNN NNNND HY 
i ae a ee 
et ee ee ee 
Z2SO00000 


— 
wo 

° 
ks 


ooooooceoo 
ee ee ee od 
Anaaainain4jdwaa 


Forward Current Forward Current 
A | 


lem (surge) m t lem (surge) 


Case 52 (75°C) (100°C) 
MR1337-1 . 0.75 3.0 

MRI337-2 : 0.75 
MR1337-3 . 0.75 
MR1337-4 : 0.75 
MR1337-5 . 0.75 


Case 50 (100°C) (100°C) 
1N3873 6.0 3.0 
1N3880 


noe ool dw to 
ooooo°co 


Forward Current Forward Current 


lem {surge} m lo lem (surge) 
amps amps 


Case 42 (150°C) (150°C) 
1N3208 15 250 2 350 5.0 
1N3209 350 
1N3210 350 
1N3211 


1N3212 
INI197A 
Case 43 1N1198 
1N3491-MR322 1N1198A 
1N3492-MR323 , 1N3213 
1N3493-MR324 1N3214 
1N3494-MR325 


Case 43 
1N3495-MR326 1N3653 


Case 42 (150°C) 1N3660 
1N248B 350 1N3661 
1N2480 350 1N3662 
1N249B 350 WN ibsgse 
1N249C 350 Case 42 (140°C) 
1N250B 350 1N1183. 0 400 
1N250C 350 1N1184 400 
Das 1N1185 400 
186 400 
1N1191 350 : in 400 
1N1192 ; 350 . 1N1188 400 
1N1193 350 . 1N1189 400 
1N1194. 350 ‘ 1N1190 ; 400 


. *Trademark of Motorola Inc. @) See data sheet for device dimensions @) Suffix A for case 60; Suffix B for case 70; i.e. MR1030A 


CONONOUOWD 


wow onc or 
RODOAO 


SILICON RECTIFIER SPECIFICATIONS 


HIGH CURRENT RECTIFIERS —- 50 to 1000 Amperes 


Forward Current 
Vam {rep} 


lem (surge) ; volts lo Tem (surge) 
amps amps amps 


Flat-mount with solid lug terminal (FL) () Stud-mount with flexible braided lead (SB) or solid lug terminal (SL) @) 
(150°C) (150°C) Flat-mount with flexible braided lead (FB) or solid tug terminal (FL) 


MR1230 50 240 5000 

50 800 MR1231 100 240 5000 

MR1201 100 800 MR1232 150 240 5000 
MR1202 150 800 MR1233 200 240 5000 
MR1203 200 800 MR1234 250 240 5000 
MRI 204 250 800 MR1235 300 240 5000 
MR1205 300 800 MR1236 350 240 5000 


MR1206 350 800 MR1237 400 240 5000 
MR1207 400 800 


: ‘ : : Stud-mount with flexible braided lead (SB) or solid lug terminal (SL) 
Wnoat eth siti Come ® Flat-mount with flexible braided lead (FB) or solid ug terminal FL). © 


MR1240 50 400 8000 
MRI210 50 2000 MR1241 100 400 8000 
MRI211 100 2000 MR1242 150 400 8000 
MR1212 150 2000 MR1243 200 400 8000 
MR1213 200 2000 MR1244 250 400 8000 
MRI214 250 2000 MR1245 300 400 8000 


MRI215 300 2000 MR1246 350 400 8000 
mae 350 2000 MR1247 400 400 8000 


400 2000 


Stud-mount with flexible braided lead (SB) or solid lug terminal (SL) mare 
Flat-mount with flexible braided lead (FB) or solid lug terminal (Fi) @ Flat-mount with solid lug terminal (FL) @) 


MR1220 50 160 3600 MR1260 650 12000 
MR1221 100 160 3600 MR1261 650 12000 
MR1222 150 160 3600 MR1262 650 12000 
MRI1223 200 160 3600 MR1263 650 12000 
MR1224 250 160 3600 MR1264 650 12000 
MR1225 300 160 3600 MR1265 650 12000 
MR1226 350 160 3600 MR1266 650 12000 
MR1227 400 160 3600 MR1267 650 12000 


Bus-bar mount, water cooled 
® For desired package configuration (SB, SL, FB, FL) as well as MR1290 1000 18000 
reverse polarity (R), add the proper suffix to the part number, MR1291 1000 18000 
i.e. MR1237SBR. For complete outline dimensions and speci- MR1292 1000 18000 
fications see data sheets. MR1293 1000 18000 
MR1294 1000 18000 
* MR1295 1000 18000 


MR1296 1000 18000 
MR1297 1000 18000 


3-7 


Moforola Silicon Rectifiers 


IN248B C thru in250B, C lo = 20 AMPS 


Vamirep} — to 600 V 
IN1191 thru IN1198 
IN1T195A thru IN1198A 
1N3213 thru 1N3214 


Medium current silicon rectifiers. Unique double- 
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case; 
provides highest degree of ruggedness and reliability. 
Type numbers shown have cathode connected to case, 
but reverse-polarity units can be obtained by adding 
suffix 'R" to standard type number, e.g. 1N248BR. 


CASE 42 
(DO-5) 


ABSOLUTE MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
and 
DC Blocking Voltage 
1N248B, 1N1191 
1N248C 
1N249B, 1N1192 
1N249C 
1N1193 © 
1N250B, 1N1194 
1N250C 
1N1195, IN1195A 
1N1196, 1IN1196A 
1N1197, 1N1197A, 1N3213 
INES 1N1198A, 1N3214 


RMS Reverse Voltage 
1N248B, 1N1191 
1N248C 
1N249B, 1N1192 
1N249C 
1N1193 
1N250B, 1N1194 
1N250C 
1N1195, IN1195A 
1N1196, 1N1196A 
1N1197, 1N1197A, 1N3213 
1N1198, 1N1198A, 1N3214 


Average 1/2-Wave Rectified Forward Current 
(Resistive Load, 60 cps, T, = 150 °c) 


Peak Repetitive Forward Current IeM (rep) 
(Tc = 150°C) 


' Peak puree Sunren lem (surge) 
(Tc = 150°C, superimposed on Rated 
Curtent at Rated Voltage, 1/2-Cycle, 
1/120 sec) 
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Motorola Silicon Rectifiers 


1N248B,C thru 1N250B,C (continued) 


THERMAL CHARACTERISTICS 


Maximum Operating and Storage Temperature: —65 to + 190°C 
Maximum Thermal Impedance, Junction to Case: 0;. = 1.50°C/W DC 


ELECTRICAL CHARACTERISTICS 


Characteristics 


Full Cycle Average Forward Voltage Drop 
(I (max) Tated Vy, 60 cps, Tc = 150°C) 


Instantaneous Forward Voltage Drop VP Volts 
(ip = 100 Amps, ae 25°C) 1.5 


Full Cycle Average Reverse Current 
(I (max), rated V,, 60 cps, Tc = 150°C) 
1N248B thru 1N250B, 1N1191 thru 1N1198 
1N248C 
1N249C 
1N250C 
1N1195A 
1N1196A 
IN1197A 
1N1198A 
1N3213 and 1N3214 


DC Reverse Current 
(Rated Vp, Tc = 25°C) 


ONAN L&D OO 


_— 


MAXIMUM AVERAGE FORWARD CURRENT RATING 


versus: MAXIMUM CASE TEMPERATURE TYPICAL FORWARD CHARACTERISTICS 
35 1000 = 
800 oo 
600 =a 
400 | et 
30 = ~| | 
A En ee 
S : a8 
= ee 100 SSE BE Kare 
w S 80 ——— 
= es en 
o 2 60 (ee BOER RES 
2 20 = 49 ee 
g : i i 
[o 
he 2 20 wee 
2° y | & aux 
= tad 
P= =z 
uw Ps 10 
> z= CE GEE 
pe \ | < 8 [— 
= 10 : ; ee SSE ae 
< \ z 6 , i ioe al Bae 
3 \\ gee ee eo 
INDUCTIVE LOAD ren = oe fe es 
N ; POE 
0 120 140 160 180 0.4 
Tc, MAXIMUM CASE TEMPERATURE (°C) INSTANTANEOUS FORWARD VOLTAGE nee 


—— Motorola Silicon Rectifiers 
INI 124, A thro INT 128, A 


Obsolete, discontinued types, replace with devices from the MR1030 series. 


INT 183thru INT 190 lo = 35 AMPS 


Va — to 600 V 


Medium current silicon rectifiers. Unique double- 
case construction consists ofhermetically sealed inner 
metallic case surrounded by molded external case; 
provides highest degree of ruggedness and reliability . 
Type numbers shown have cathode connected to case , 
but reverse-polarity units can be obtained by adding 
suffix "R" to standard type number, e.g. 1N1183R. 


CASE 42 | 
(DO-5) 


ABSOLUTE MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
and 

DC Blocking Voltage 
1N1183 
1N1184 
1N1185 
1N1186 
1N1187 
1N1188 

1N1189 

1N1190 


RMS Reverse Voltage 
1N1183 
1N1184 
1N1185 
1N1186 
1N1187 

1N1188 

1N1189 
1N1190 


Average 1/2-Wave Rectified Forward 
Current 


(Resistive Load, 60 cps, T,, = 140°C) 


Cc 


Amperes 
35 
I Amperes 


“ ciel 
p heer 


e] JC 1.0 °C/W, 
DC steady state 


Peak Repetitive Forward Current 
(To = 140°C) 


Peak Surge Current 
(To = 140°C, superimposed on Rated 


Current at Rated Voltage) - 


Operating and Storage Temperature 
Thermal Impedance 


— Motorola Silicon Rectifiers —— 


1N1183 thru 1N1190 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristics 


Max. Full Cycle Average Forward Voltage Drop 
y ( max)? rated Vv. 60 cps, To = 140°C) 


Max Instantaneous Forward Voltage Drop 
(i, = 100 Amps, Ty = 25°C) 


Max Full Cycle Average Reverse Current 
ly isnx)? rated V_, 60 cps, T, = 140°C) 


Max DC Reverse Current 


(Rated V2, Tp = 25°) 


MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 


BEENEEEE 
‘eaRh Ghee 
BEENNEEE 
ba Tin 


1g AND 39 


I-,av), AVERAGE FORWARD CURRENT (AMPS) 
1,, INSTANTANEOUS FORWARD CURRENT (AMPS) 


160 180 


1 
O 02 04 06 08 10 12 14 16 18 2.0 
Tc, MAXIMUM CASE TEMPERATURE (°C) Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


INI 19 Tthru INI 198 


For Specifications, See IN248B Data Sheet 


~—— Motorola Silicon Rectifiers —— 


1N1563, A thru 1nT568, A Io = 1.5 AMPS 


Vr — to 600 V 


Low-current silicon rectifiers in hermetically sealed, 
low-silhouette single-ended package designed to operate 
under military environmental conditions. Cathode 


CASE 55 "connected to case, but reverse polarity devices are 


available on special order. 


ABSOLUTE MAXIMUM RATINGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 


IN1567A | 1N1568A 


Peak Repetitive Reverse Voltage 
DC Biocking NONSEe 
RMS Reverse Voltage 140 40 | 210 | 200 | 


IN1567 | 1N1568 


Peak Surge Current I 70 | 
(1/2 Cycle Surge, 60 cps) | 
Peak Repetitive Forward Current I 10 


Operating and Storage Temperature 
_Range : 65104 1 | 


Average Half- wave Rectified 
Forward Current (55°C Ambient) 1500 | 1500 
(150°C Ambient) . | 300 300 


ELECTRICAL CHARACTERISTICS 


TNIS63R | SCINTSO3—~ | 
Characteristic _ 1N1568A 1N1568 
Rating _ _ Rating alee 


Maximum Forward Voltage Drop@ 500 mA, (25°C) | Vr | 
Continuous DC . (150°C) 
Maximum Reverse Current t@) Rated DC 5 Voltage (25°C) 


Madinum Full-Cycle Average Reverse Curpent (25°C) 
@ Max Rated PIV and Current (as Half-Wave (150°C) 
Rectifier, Resistive Load 


18 


MAXIMUM ALLOWABLE 
| pc ouTPUT | 
SINGLE-PHASE RESISTIVE 
OR INDUCTIVE LOAD) 


1.5 


es 
LX) 


bd 
a 


Iz, FORWARD CURRENT (AMPERES) 
I, FORWARD CURRENT (AMPERES) 
° 
wo 


0.3 


ae 
|| IN 
an 
decked 
2s 
Ze 


0 0.2 0.4 0.6 0.8 1.0 1.2 14 
V,, FORWARD VOLTAGE DROP (DC VOLTS) T,, AMBIENT TEMPERATURE (°C) 
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—— Motorola Silicon Rectifiers —— 


1N2609 thre 1N2617 


Obsolete, discontinued types, replace with devices from the 1N4001 series. 


1N3189 thru INGIOT 


Obsolete, discontinued types, replace with devices from the 1N4001 series. 


ING2ZO8thru 1INSZ12 lo = 15 AMPS 


Vp — to 400V 


Medium-current silicon rectifiers. Cathode con- 
nected to case, but reverse polarity (anode-to-case 
connection) also available by adding suffix ''R" to type 
number, e.g. 1N3208R. Supplied with mounting hard- 
ware. 


1n3208 | 1N3209 | 1N3210 
1N3208R| IN3209R | 1N3210R 


|e | 10 | 200 
Ki ke ee 
Average Half-Wave Rectified 
Forward Current With Re- 15 15 15 
sistive Load 


Peak One Cycle Surge Current 


(60 cps & 25°C Case Temp) 


ELECTRICAL CHARACTERISTICS (Ali Types) at 25°C Case Temp. 


Characteristic 
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oo Motorola Silicon Rectifiers —— 


ING213, ING2ZI4 


For Specifications, See IN248B Data Sheet 


ING2O 2thru ING2ZO6 lp = 100 mA 


Vp — to 3000 V 


Low-current silicon rectifiers for applications re- 

quiring extremely high reverse-voltage capability. 

Hermetically sealed, subminiature glass package, 

CASE 51 offering excellent stability and reliability under envi- 
(DO-7) ronmental extremes. 


ABSOLUTE MAXIMUM , RATINGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 


Peak Repetitive Reverse 
Voltage 


DC Blocking Voltage 


RMS Reverse Voltage 1050 1400 1750 | 2100 | vous | 


Average Half-Wave Rectified 

Forward Current 
(25°C Ambient) 100 100 mA 
(100°C Ambient) 50 50 mA 


Peak Surge Current I oe 
(1/2-cycle, 60 cps) FM(surge) 


Peak Repetitive Forward 
Current 


I. M(rep) Amps 


Operating and Storage | Ae | -65 to + 150 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS 


Characteristic | Symbol 
Maximum Forward Voltage Drop @ 100 mA, Vr 
Continuous DC (25°C) 
Maximum Full-Cycle Average Forward Voltage Vir AV) 


Drop @ Rated Current (100°C) 


Rated DC Voltage 
(25°C) 


(100°C) 


Maximum Reverse Current @ 


Maximum Full-Cycle Average Reverse Current 
@ Max Rated PIV and Current (as Half-Wave 
Rectifier, Resistive Load, 100°C) 


TR (AV) 


Typical Thermal Resistance, Junction to Air Ambient CRAIN 
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—— Motorola Silicon Rectifiers 


1N3282 thru 1N3286 (continued) 


TYPICAL FORWARD CHARACTERISTICS MAXIMUM ALLOWABLE DC OUTPUT 
(FOR ALL TYPES) - (SINGLE-PHASE RESISTIVE OR INDUCTIVE LOAD) 


ee 


ly, FORWARD CURRENT (MILLIAMPERES) 
ty, FORWARD CURRENT (MILLIAMPERES) 


0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0 2 50 $75 100 125 150 175 200 
Vr, FORWARD VOLTAGE DROP (VOLTS) T,, AMBIENT TEMPERATURE (°C) 


1N349 Thru 1N3495 lo = 25 AMPS 


FORMERLY Vp — to 400 V 
MR 322 thru MR326 


Low-cost, medium-current, silicon rectifiers in 
hermetically sealed, press-fit case. Designed for 
industrialand commercial applications requiring oper- 
ation under severe environmental conditions, Cathode 
connected to case, but available with reverse polarity 
by adding suffix "R" to type number. 


Mai 


1N3494 1N3495 
Peak Repetitive Reverse Voltage aus) Volts 
DC Blocking Voltage 


Average Half-Wave Rectified For- Amps 
ward Current With Resistive foace 
25 25 25 25 25 

fete e 18 18 18 18 18 
Peak Repetitive Forward is 
Peak One Cycle Surge Current — 
Operating Junction Temperature —— -65 to +175 — 
Storage Temperature Tog -65 to +175 Pe 4 
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—— Moforola Silicon Rectifiers 


1N3491 thru 1N3495 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified ) 


1N3493 | 1N3494 |  1N3495 
_ Characteristic MR324 | | MR325 MR326 
Maximum Forward Voltage at Vy 1.5 1.5 Volts 
100 Amp DC Forward 


Maximum Full-Cycle Average 
Forward Voltage Drop @ Rated 
Current and Voltage 


Maximum Full-Cycle Average 
Reverse Current at Rated 
Current and Voltage 

(as Half-Wave Rectifier, 
Resistive Load, 150°C Case) 


LTT TA 
ee eee 


NOTE: CASE TEMPERATURE MEASURED 
AT BOTTOM FLAT OF CASE 


1, D-C FORWARD CURRENT (AMPERES) 


1, FORWARD CURRENT (AMPERES) 


0 02 04 06 08 10 12 14 16 18 
V;, FORWARD VOLTAGE DROP (VOLTS) Tc, CASE TEMPERATURE (°C) 


ia) 


0 


Motorola MR322-MR3826 and 1N3491-1N3495 rectifiers are designed for press-fitted mounting in a heat sink. 
Recommended procedures for this type of mounting are as follows: 


1. Drill a hole in the heat sink 0.499 + .001 inch in diameter. 

2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press- 
ed into the hole. 

3. The depth of the break should be 0.010 inch maximum to retain maximum heat skin surface contact 
with the knurled rectifier surface. 

4. Width of the break should be 0.010 inch as shown. 


These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc- 
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con- 
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 


.01 NOM 
TYPICAL THERMAL ee 
RESISTANCE, CASE 
TO SINK, #cs = 0.2°C/W RIVET ADDITIONAL 
fot, sou . , HEAT SINK PLATE 
a ee 2S L2L 110 | |||| 2 
DIA 
INTIMATE 
COMPLETE 
CONTACT ARE 
LLL }+- 0.499 + 0.001.DIA : 
HEAT SINK MOUNTING THIN-CHASSIS MOUNTING 
NOTE: . 


Refer to Motorola brochure PR-104 for additional suggested mounting methods and examples. 
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—— Motorola Silicon Rectifiers 


lo = 1 AMP 
USNINGOI Ithru USNINGOI13 V, — to 600 V 


Subminiature silicon rectifier with glass passivated 
CASE 59 surface in void-free, flame-proof, silicone polymer 
case, Tested in accordance with MIL-S-19500/228 
for military applications requiring up to 1 ampere 
output at 100°C. 


ABSOLUTE MAXIMUM RATINGS 


(At 60 cps Sinusoidal Input, Resistive or Inductive Load) 


Working Peak Reverse Voltage 


DC Blocking Voltage 


Average Rectified Forward Current 
Ta = 100°C 
Ta = 150°C 


Non-Repetitive Peak Surge Current] Ipy (surge 
(1/2 cycle, 60 eps) 10 

Operating and Storage Ta, Tgtg | *————-65 to +175——~——> | 9 
Temperature Range _ 


ELECTRICAL CHARACTERISTICS 


Characteristics and Conditions 


Forward Voltage 

(Ip = 1.0 Adc, Ty = 100°C) 
Reverse Current 

(VR = 200 Vdc) USN 1N3611 

(Vp = 400 Vdc) USN 1N3612 
(VR = 600 Vdc) USN 1N3613 


Reverse Current at Rated VRM(rep) 


(VRM(rep) = 240 Vdc) USN 1N3611 


(VRM(rep) = 480 Vdc) USN 1N3612 
(VaM(rep) = 720 Vdc) USN 1N3613 


High Temperature Operation: 
Reverse Current @T, = 150°C 
= 200 Vdc) USN 1N3611 
400 Vdc) USN 1N3612 
600 Vdc) USN 1N3613 
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—— Motorola Silicon Rectifiers 


1INGO49thru 1N3650 


Obsolete, discontinued types, replace with devices from the MR1030 series. 


INGO99thru 1N3663 ~ 7 Bhd 


Low-cost silicon rectifiers in hermetically sealed, 
press-fit case, designed for operation under severe 
environmental conditions. Cathode connected to case, 
but available with reverse polarity by adding suffix 
"R'" to type number, 


CASE 43 


ABSOLUTE MAXIMUM RATINGS at 25°C Case Temp. Unless Otherwise Indicated 
R N3660 | 1N3661 | 1N3662 | 1N3G63 
2 ating IN3659R | IN3G60R | INSGGIR _1N3662R 1N3663R 
Peak Repetitive Reverse Voltage VRM(rep) 100 Volts 
DC Blocking Voltage VR 
ee ee ee 


Average Half-Wave Rectified For- 
ward Current with Resistive Load 
@ 100°C case 
@ 150°C case 


Peak One Cycle Surge Current Amps 
Operating Junction Temperature —65 to +175 


ELECTRICAL CHARACTERISTICS 
sett oe 1N3660 | 1N3661 fica 1N3663 
Maximum Forward Voltage 1,2 aes 2 ee 
eames | [ef 


Maximum Full Cycle Average 
VE(AV) Volts 


Forward Voltage Drop @ Rated 
PIV and Current 


Maximum Full Cycle Average 
Reverse Current @ Rated PIV and 
Current (as half-wave rectifier, 

resistive load, 150°C) 


Thermal Resistance 
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— — Motorola Silicon Rectifiers —— 


1N3659 thru 1N3663 (continued) 


30 


Ld 
an 


Ny 
So 


SeSS7 (ERE 
ptt ATT | ty 


-_— 
o 


Iz, D-C FORWARD CURRENT (AMPERES) 
1s, FORWARD CURRENT (AMPERES PER RECTIFIER) 
rr 


wn 


0 O02 O04 06 08 10 12 14 #%16 #18 2.0 0 50 100 150 200 
Ve, FORWARD VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) 


Motorola 1N3659-1N3663 rectifiers are designed for press-fitted mounting in a heat sink. Recommended 
procedures for this type of mounting are as follows: 


1. Drill a hole in the heat sink 0.499 + .001 inch in diameter. 

2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press- 
ed into the hole. 

3. The depth of the break should be 0.010 inch maximum to retain maximum heat skin surface contact 
with the knurled rectifier surface. 

4. Width of the break should be 0.010 inch as shown. 


These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc- 
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted ina thin chassis by inserting the rectifier through an additional heat sink 


plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con- 
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 


.01 NOM 
TYPICAL THERMAL 
RESISTANCE, CASE { 


TO SINK, écs = 0.2°C/W 


-01 NOM 


i, 
= COUH#HA3: HEAT SINK 
aa ae = 0.499 + 0.001 DIA 


HEAT SINK MOUNTING 


ADDITIONAL 
HEAT SINK PLATE 


RIVET = 


eameeaeeeaer assaeu> ceands 1/18 FE SEB ETE) Tt SeeeraereSeVeass Sesesesequwaaasaesesaaas: 


INTIMATE COMPLETE 
CONTACT AREA we SR ey 


THIN CHASSIS 


THIN-CHASSIS MOUNTING 
NOTE: Refer to Motorola brochure PR-104 for additional suggested mounting methods and examples. 
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—— Motorola Silicon Rectifiers 


IN3879thru 1N3883 lo = 6 and 12A 


6 AMPERES Vp — to 400 V 


1 NS889thru 1 n3893 


12 AMPERES 


Fast recovery silicon power rectifiers designed for 
high-frequency power supply, inverter, and converter 
applications. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to more 
than 300,000 cps thus permitting the design of power 

_ supplies with smaller, lighter, and less expensive 
associated components. Cathode connected to case, but 
available with reverse polarity by adding suffix ''R" to 
type number. 


CASE 50 
(DO-4) 


ABSOLUTE MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V. 100 
Vv 
Non-Repetitive Peak Reverse Voltage Vv | 
(half-wave, single phase, RM(non-rep) | 100 Volts 
60 cycle peak) 
Sas fe fe aaa 


1N3879 1N3889 
thru thru 
1N3883 1N3893 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, T, = 100°C) 


Non-Repetitive Peak Surge Current 
(superimposed on rated current at 
rated voltage, To? 100°C) 


zr t Rating (non-repetitive, for t 
greater than 1 msec and less 
than 8.3 msec) 


THERMAL CHARACTERISTICS 


Maximum Junction ni Opeiating Temperature eae: -65 to +150 


Maximum Case Storage Temperature Range -65 to +175 


Maximum Steady State DC Thermal Resistance 1N3879-83 
: 1N3889-93 °C/Watt 
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— — Motorola Silicon Rectifiers 


1N3879 thru 1N3883 (continued) 


ELECTRICAL CHARACTERISTICS 
13879 thru 1N3883 


DC Forward Voltage Drop 
(I, = 6.0 Adc, T 


c= 25 C) 


Full Cycle Average Reverse Current 
My = 6.0 Amps and Rated Yv. , 60 cps 
To = 100°C, single phase) 


DC Reverse plata 
(Rated V. R? To = 100°C) 


1N3889 thru 1N3893 


Characteristic 


DC Forward Age, T Drop 
(I, = 12.0 Adc, T,, = 25°C) 


Full Cycle Average Reverse Current 
lp = 12.0 Amps and Rated Ve 60 cps 


To = 100°C, single phase) 


DC Reverse Current 
(Rated VR? To = 100°C) 


Characteristic 


oe Reverse Recovery Time 
= 1 Amp min, see test circuit) 


Maximum Overshoot Current 
(see test circuit) 


FAST RECOVERY 
RECTIFIERS GREATLY 
INCREASE EFFICIENCY 
y 


TYPICAL LOSSES AT 
HIGH FREQUENCY WITH 
CONVENTIONAL RECTIFIERS 
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— — Motorola Silicon Rectifiers 


1N3879 thru 1N3883 (continued) 


TYPICAL REVERSE RECOVERY TIME-ALL TYPES 
3.0 


Te = 25°C TEST CIRCUIT : 
The drive conditions were ob- 
tained by setting the forward 
25 | power supply at the desired for- 
ward current and adjusting the 
variable resistor to allow various 


overshoot currents. 


* Ios, OVERSHOOT CURRENT (AMPS) 
- 
nn 


1.0 


0.5 


80 90 100 110 120 130 140 150 
tres REVERSE RECOVERY TIME (nsec) 


1N3889-93 


1n3879.89— \_ MAXIMUM AVERAGE FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 


Igyavy, AVERAGE FORWARD CURRENT (AMPS) 


10 20 

9 18 
8 16 

7 14 

6 12 

5 10 

4 8 

3 6 

2 4 

1 2 

0 0 

0 5 


MAXIMUM REVERSE RECOVERY TIME 
TEST CIRCUIT (t,,) 


10K 


90 95 100 105 110 115 120 125 
Tc, MAXIMUM CASE TEMPERATURE (° C) 


60 CPS A 300 
e 50 W 
NON-INDUCTIVE 


R, 
10W and 

N-INDUCTIV 1 Adc FROM CONSTANT VOLTAGE SUPPLY 
ne eae RIPPLE = 3 mVrms MAX 
ut = 2 @ MAX, DOC TO 2 KC 
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A — Tektronix 545A, 
K Plug-in Pre-Amp, 
P6000 Probe of Eq. 


Ri — Adjusted for 1.4Q 
between point 2 of 
relay and rectifier. 
Inductance ~— 3 yh. 


R2 — Ten 1 W, 100, 
1% carbon comp. in 
parallel. 


Toe = 25 T19 eC for 


rectifiers. 


Minimize all lead 
lengths. 


—— Motorola Silicon Rectifiers 


1N400 Tinru 1N4007 Ip = 1 AMP 


Vr — to 1000 V 


Low-current, glass passivated silicon rectifiers in 
subminiature void-free, flame-proof silicone polymer 
case. Designed to operate under military environmental 
conditions. 


CASE 59 


ABSOLUTE MAXIMUM RATINGS (At 60 cps Sinusoidal, Input, Resistive or Inductive Load) 


Peak Repetitive Reverse Voltage 
DC Blocking Voltage 


RMS Reverse Voltage 


Average Half-Wave Rectified 
Forward Current (75°C Ambient) 1000/1000 | 1000 | 1000 {| 1000 | 1000} 1000} mA 
(100°C Ambient) 750 | 750 750 750 750 750 750} mA 


Peak Surge Current 25°C 
(1/2 Cycle Surge, 60 cps) 
Peak Repetitive Forward Current 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Maximum Forward Voltage Drop 
(1 Amp Continuous DC, 25°C) 


Maximum Full-Cycle Average Forward Voltage Drop 
(Rated Current @ 25°C) 


Maximum Reverse Current @ Rated DC Voltage (25°C) 
(100°C) 


Maximum Full-Cycle Average Reverse Current 
(Max Rated PIV and Current, as Half-Wave 
Rectifier, Resistive Load, 100°C) 


TYPICAL FORWARD CHARACTERISTICS MAXIMUM BC OUTPUT 
1000mA 


750mA 


OAD CURRENT 


<> 500mA 
(=) 


250mA 


I,, FORWARD CURRENT (AMPERES) 


0 0.2 0.4 0.6 0.8 1.0 1.2 14 0 25°C §3=950°C)3=—75°C)=—100°C «125°C «150°C 175°C 
V,, FORWARD VOLTAGE DROP (VOLTS) T,, AMBIENT TEMPERATURE 
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Motorola Silicon Rectifiers 


1N4719 thru 1N4725 lo = 3 Amps 


MR1030 thru MR1036, MR1038, MR1040 Vx — to 1000 V 


CASE 66A CASE 67A 
1N4719 THRU 1N4725 MR1030B THRU MR1040B 
MR1030A THRU MR1040A 


Silicon high-conductance rectifiers available in either 
axial-lead or single-ended packages. Type numbers 
shown have cathode connected to case. For anode- 
to-case connection, add suffix ''R'' to type number, 
i.e. IN4720R 


ABSOLUTE MAXIMUM RATINGS (Both Package Types) Ta = 25°C unless otherwise noted 


. 1N4719 1N4720 1N4723 1N4725 
Rating M1030 R103! MR1036 MR1040 
Peak Repetitive Reverse Voltage Vem (rep) 
Working Peak Reverse Voltage VRM (wkg) 800 Volts : 
Vr 
non-re 
(one half-wave, single phase, ™ re) 720 | 1000/1200 Volts 
60 cycle peak) 


DC Blocking Voltage 
RMS Reverse Voltage 70 | } 70 | 140 | 210 | 280 | 250 | 420 | 560) | votts | 
Average Rectified Forward cent 
(single phase, resistive load, << — 3.10 ni Amps 
60 cps, Ta = 75°C) see figure 4 
Peak Repetitive Forward Current Irn (re 
—— ee 


Non-Repetitive Peak Surge Current | Inyy (surge) 
(superimposed on rated current 
at rated voltage, Ta = 75°C) 
see figure 1 


1*t Rating (non-repetitive, A(rms) 2sec 
1 msec <t <8.3 msec) 


Operating and Case Penweratire Ty Tstg -65 to + 175 


‘Thermal Resistance RIN 30 Ea Watt 


Non-Repetitive Peak Reverse 
Voltage 


~——— 300 (for 1/2 cycle) Amps 
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—— Moforola Silicon Rectifiers 


1N4719 thru 1N4725 (Continued) 


ELECTRICAL CHARACTERISTICS (All Types) FORWARD VOLTAGE CHARACTERISTICS 


Full Cycle Average Forward Voltage Drop 
(Ip = 3.0 Amps and Rated Vy, 
Ta = 75°C, Half Wave Rectifier) 


DC Forward Voltage Drop 
(lp = 3.0 Ade, Ta = 25°C) 


Full Cycle Average Reverse Current 
(Ig = 3.0 Amps and Rated V,, 
Ta = 75°C, Half. Wave Rectifier) 


il 

ry 
an 
oO 


DC Reverse Current 
(Rated Vp, Ta = 25°C) 


n 
Qa. 
= 
= 
— 
z 
[ve] 
[- 4 
a 
= 
oO 
[=] 
(4 
<x 
= 
[4 
Oo 
prey 
” 
= 
fo) 
[wey 
= 
4 
= 
=z 
<x 
— 
” 
= 
as 


| ie 
, pe 


SINE WAVE CURRENT (AMPS) 


Irsa{sergey» SUPERIMPOSED PEAK HALF 


0.1 
0 02 04 06 08 10 12 14 16 18 2.0 
CYCLES AT 60 CYCLES PER SECOND Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


MAXIMUM FORWARD POWER 


DISSIPATION versus AVERAGE FORWARD CURRENT MAXIMUM FORWARD CURRENT versus AMBIENT TEMPERATURE 
5.0 
T, = 150°C T0 175°C 
2 _ 40 
: g 
ce = 
2 : 
5 = 3.0 
: : 
2 = 
g 20 Sag, or 
: 2 seecese\NGEE 
; [py SER EERSNNCEE 
EREERERERES Sa 
Lett tt itil st ix 
0 60 80 100 120 140 160 180 
Ipfavyy AVERAGE FORWARD CURRENT (AMPS) T,, AMBIENT TEMPERATURE (°C) 


MR322 thru MR326 


For Specifications, See IN3491 Data Sheet 
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—— Motorola Silicon Rectifiers 


mri 030 thru MRI 036 


MRI 038, mr I 040 For Specifications, See 1N4719 Data Sheet. 


MR 1200 thru mr 1 207 - lo = 50 AMPS 


Vp — to 400 V 


Silicon power rectifiers designed with double-case, 
multi- cell construction for extreme reliability and 
ruggedness, Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix ''R" to 
type number, 


ABSOLUTE MAXIMUM RATINGS 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage ee 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, Vem (non-rep) 
60 cycle peak) 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, To= 150°C) 


Non-Repetitive Peak Surge Current eee 86800 (for 1/2 cycle) ————— 
(superimposed on rated current at 


rated voltage, To = 150°C) ~— 500 (for six consecutive 1/2 cycles) —> 


rt Rating (non-repetitive, for t 


greater than 1 msec and less 
than 8. 3 msec ) 


Bienen: CHARACTERISTICS 
Characteristic and Conditions 


Full Cycle Average Forward Voltage Drop 
(rated I, and Vie Single phase, 60 cps. T =150°C) 


Full Cycle Average Reverse Current 
(rated I, and Ve single phase, 60 cps, To =150°C) 
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=e Motorola Silicon Rectifiers 


MR1200 thru MR1207 (continued) 


FORWARD VOLTAGE CHARACTERISTICS 


1000 ee 


g00 |__| _ ree 
0 ae na es MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 
SSS Ser 205 ee Se eee 
400 f 
Seana eee is 
Leeda | oe 
200 F ; 
eit iALLL f- 
S 100 [ 5 
z Sa ee) a Me ON el! ea Ge 
gi, SE Ce! A AD A'S DE RS t= 
eres Oe a Ca AREY A Ha es SO — 
ar Ss DD RH | SS WD 
CoC emisccid Aes 
S he 
CoCuger | 
2 = 20 
= . T, = 25°C . 
: aEe g 
a | i a a! SG COSA = 
cee | a ed ee a Ge 10 
"6 es A a 
ad alas et Gl Cae) 
4 oe : 
Fe Us a 100 = 10'—i‘i22sid230'ti‘iéikSSsCidSSC*«dOSC“‘«i‘«‘i CBS si90 
atts Tc , MAXIMUM CASE TEMPERATURE (°C) 


1 
0 02 04 06 08 10 12 14 16 18 20 
Ve , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


- MAXIMUM SURGE CURRENT (Tc = 150°C) 


Insatsergey , SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPERES) 


1 2 4 6 8 10 20 40 60 80 100 
CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM SINGLE-PHASE CURRENT RATING 


SES SCOCL TCT 
mB ik NG 
a SSRN 


i 


50 


CONDITIONS 


5x5x % copper heat sink 
fin € = 0.9 and mounted parallel 
to air flow ,180° conduction. 


For 3 phase ratings multiply 
current scale by 0.85. 


For 6 phase ratings multiply 


Adele lal ed 
Paani eile site ete en i oe Es current scale by 0.60. 


100 120 140 160 a 200 


letavy , AVERAGE FORWARD CURRENT (AMPERES) 


T, , AMBIENT TEMPERATURE (°C) 
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—— Motorola Silicon Rectifiers —— 


MR 12 10thru MR 1217 lo = 80 AMPS 


Vp — to 400 V 


SL 


Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix ''R''to type number. Avail- 
able in two package styles havingidentical ratings and characteristics. Desired 
package can be selected by adding suffix "'SB" or ''SL" to type number. 


ABSOLUTE MAXIMUM RATINGS (All Package Types) 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


RM (cep) 
oe 


oe 2,000 (for 1/2 cycle) ———e 


Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, Te = 150 °C) 


Non-Repetitive Peak Surge Currents 
(superimposed on rated current at 
rated voltage, To = 150°C) 


I 
FM (surge) Amperes 


+ 1, 200 (for six consecutive 1/2 cycles) > 


rt Rating (non-repetitive, fort — 
greater than 1 msec and less 
than 8.3 msec) 


Operating and Case Temperature Ty we -65 to +190 


ELECTRICAL CHARACTERISTICS (All Package Types) 


Thermal Resistance 


Characteristic and Conditions 


Full Cycle Average Forward Voltage Drop 
(rated I 9 and V_, single phase, 60 cps, TE 150°C) 


Full Cycle Average Reverse Current 
(rated 1 . and V., single phase, 60 cps, 


To ane C) 
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—— Motorola Silicon Rectifiers 


MR 1210 thru MR1217 (continued) 


ip» INSTANTANEOUS FORWARD CURRENT (AMPERES) 


Ipjavy» AVERAGE FORWARD CURRENT (AMPERES) 


FORWARD VOLTAGE CHARACTERISTICS 


be Da 


i 


1000 deh bhlA 
RS GE 1 We eee es ee / 6 
600 ss ee ee / ee 
3 GS GE se 7 
Ye se cs (ae 4 
|| | VA fT 

ALL | 


_— 
=) 
S 
— 
= 
i] 
nN 
wa 
[>] 
° 


CT TET 
a ow oe = Rae." 


Bas. 


letavy, AVERAGE FORWARD CURRENT (AMPERES) 


0 0.2 04 06 08 10. 12 14 16 18 20 


ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


2000 


Irsa(surge)? SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPERES) 


MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 


140 


120 


100 


80 


40 


20 


110 


NX 


130 


Ht tok 


140 


NEN 
pt INN 
et PINE 
aN 
Pitti? TN 


150 160 190 200 


(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 


Tc» MAXIMUM CASE TEMPERATURE oe 


MAXIMUM SURGE CURRENT (Tc = 150°C) 


be ee AT 60 CYCLES PER SECOND 
MAXIMUM SINGLE-PHASE CURRENT RATING 


120 
T,, AMBIENT TEMPERATURE (°C) 
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CONDITIONS 


5 x5x % copper heat sink 
fin€ = 0.9 and mounted parallel 
to air flow. 180° conduction. 


For 3 phase ratings multiply 
current scale by 0.85. 


For 6 phase ratings multiply 
current scale by 0.60. 


—— Motorola Silicon Rectifiers —— 


mel220:nrw meI227— lo = 160 AMPS 


Vp — to 400 V 


SL FL 


Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R''to type number. Avail- 
able in a variety of packages, all of which have the same ratings and charac- 
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 


ABSOLUTE MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non- Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 


RMS Reverse Voltage ache 70 | 105} 140 375 210 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps. To = 150°C) 


Non-Repetitive Peak Surge Currents 3,600 (for 1/2 cycle) 
(superimposed on rated current at 2,000 (for six consecutive 
rated voltage, T,, = 150°C) 1/2 cycles) 
2 ‘ ve 
I t Rating (non-repetitive for t 

> 


greater than 1 msec and less 
than 8.3 msec) 


Operating and Case Temperature 
Thermal Resistance 


ELECTRICAL CHARACTERISTICS 


Full Cycle Average Forward Voltage Drop 
(rated I, and V,» Single phase, 60 cps. T ce 150°C) 


Full Cycle Average Reverse Current 
(rated I, and ve single phase, 60 cps, To= 150°C) 
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— Motorola Silicon Rectifiers 


MR1220 thru MR1227 (continued) 


FORWARD VOLTAGE CHARACTERISTICS 


10,000 
8000 


6000 


4000 MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 


300 


5 eae aaa CA CL ae 


2000 


(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 


1000 
800 


600 
400 


240 


200 


120 


80 


i,» INSTANTANEOUS FORWARD CURRENT (AMPERES) 
8 
Iejav,» AVERAGE FORWARD CURRENT (AMPERES) 
8 


40 


Te, MAXIMUM CASE TEMPERATURE (°C) 


0 02 04 06 08 10 12 14 16 18 2.0 
Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


MAXIMUM SURGE CURRENT (Tc = 150°C) 


3600 


2400 


1600 


800 


lesa {surgeys SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPERES) 


6 8 10 20 
CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM SINGLE-PHASE CURRERT RATING 


CONDITIONS 


7x 7x % copper heat sink 
fin€ = 0.9 and mounted parallel 
to air flow. 180° conduction. 


For 3 phase ratings multiply 
current scale by 0.85. 


For 6 phase ratings multiply 
current scale by 0.60. 


Ietay,» AVERAGE FORWARD CURRENT (AMPERES) 


0 20 40 60 80 100 120 140 160 180 200 
T,, AMBIENT TEMPERATURE (°C) 
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—— Moforola Silicon Rectifiers —— 


mr 1230+nrv mel 237 ly = 240 AMPS 


Ve — to 400 V 


Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix ""R" to type number. Avail- 
able in a variety of packages, all of which have the same ratings and charac- 
teristics. Desired package can be selected by adding suffix ''SB", "FB", ''SL", 
or "FL" to type number. 


ABSOLUTE MAXIMUM RATINGS 


P| amt i | Om 


VRM(rep) 
Vem (wke) Volts 
VR 


ke 


7 FRB 


Peak Repetive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 


RMS Reverse Voltage 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, To 150°C) 


Non-Repetitive Peak Surge Currents 
(superimposed on rated current at 
rated voltage, T,, = 150°C) 


<«—— 5,000 (for 1/2 cycle) —» 


IM(surge) <— 3,000 (for six consecutive —»> | Amperes 


1/2 cycles 
greater than 1 msec and less 


2 
<a————— 52,000 ————e |A se 
than 8.3 msec) eS = 


Operating and Case Temperature -65 to +190 —e 


ELECTRICAL CHARACTERISTICS 


Characteristics and Conditions 


Full Cycle Average Forward Voltage Drop 
(rated I and V ,? Single phase, 6Q cps = 150°C) 


rt Rating (non-repetitive, for t 


Full Cycle Average Reverse Current 
(rated I 9 and Vv single phase, 60 cps = 150°C) 
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—— Motorola Silicon Rectifiers 


MR1230 thru MR1237 (continued) 
FORWARD VOLTAGE CHARACTERISTICS 


10,000 
8000 
6000 
4000 
oe, MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 
600 
_ 800 
é 600 = 500 
Z 40 =e 
$ (60 CPS, RESISTIVE OR INDUCTIVE LOAD) 
3 oN 
: 200 = 400 
3 2 
2 
8 100 = 
= 80 = 300 
/ 
ivy 
40 
: : 200 
= « 
g * : 
= = 100 
10 
8 -— 
6 0 
4 0 110 120 130 140 150 160 170 180 190 


Igyavyy, AVERAGE FORWARD CURRENT (AMPERES) 


Tg, MAXIMUM CASE TEMPERATURE (°C) 


1 
0 02 04 06 08 10 12 14 16 18 20 
Ve» INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
MAXIMUM SURGE CURRENT (Tc = 150°C) 
5000 


4000 


Irattearge)+ SUPERIMPOSED PEAK HALF SINE WAVE CURRENT 
(AMPERES) 

is) w 

[=~] 

s 8 
" eal ee 7 

2 enn ar A i 

oot 
£ 
Elam 
fF 
ae 
Ft 


6 10 20 
CYCLES AT 60 CYCLES PER SECOND 
MAXIMUM SINGLE-PHASE CURRENT RATING 


CONDITIONS 
8x 8x % copper heat sink 
fin € => 0.9 and mounted parallel 
to. air flow. 180° conduction. 


—™ 
i~) 
—) 


_— 
wa 
oO 


For 3 phase ratings multiply 
current scale by 0.85. 


For 6 phase ratings multiply 
current scale by 0.60. 


8 


on 
i=) 


T,, AMBIENT TEMPERATURE (°C) 
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Motorola Silicon Rectifiers 


me 1240+hru mel.247 to = 400 AMPS 


Ve — to 400 V 


Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix 'R''to type number. Avail- 
able in a variety of packages, all of which have the same ratings and charac- 
teristics. Desired package can be selected by adding suffix'"SB", "FB", "SL", 
or ''FL" to type number. 


ABSOLUTE MAXIMUM RATINGS 


MR 
1247 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, Te = 150°C) 


Peak Repetitive Reverse Voltage 


VRM(rep) 
VRM(wkg) 
VR 


Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 


VRM (non-rep) 


Non-Repetitive Peak Surge Currents 
(superimposed on rated current at 
rated voltage, To = 150°C) 


ee 8000 (for 1/2 cycle) ——— > 


leM (surge) 


~#— 4, 500 (for six consecutive 1/2 cycles) —> 
rt Rating (non-repetitive, for t 
greater than 1 msec and less 


133,000 —— i 
than 8.3 msec) 


Operating and Case Temperature —— -65 to +190 a 
Thermal Resistance ee 0.075 °C /Watt 


ELECTRICAL CHARACTERISTICS 


j Maximum 
Characteristic and Conditions oe ee 


Full Cycle Average Forward Voltage Drop V Volts 
(rated I, and Li single phase, 60 cps, To 150° C) F(AV) 


Full Cycle Average Reverse Current I Vig 
( rated I, and ve Single phase, 60 cps, To= 150° C) R(AV) a 
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—— Moforola Silicon Rectifiers 


MR1240 thru MR1247 (continued) 


FORWARD VOLTAGE CHARACTERISTICS 


SS |_|... ._.....x.... en 
ae) SE SE Ce <a 
a= ae 


\ 


SAT 


g 800-71 — C—O 
Yeoh 
a ES SN GS NY A SS 
= 400 Cs Gees ee ed ae ee ee 
= a 
= 

7 eee ine 
= 

= T, = 150°C fe = 25°C 
a 

2 os 
oO ED ) ES, ee 2 ee) ee 
ir es et ee eee ee 
a Sa 
Sa oe ae 
= f+ 

= 

5 20 

=z 


EE aa 0 eS 
TT 


h 


hn 


0 0.2 04 06 08 10 12 14 16 18 2.0 


Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


Iesaisurge)* SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPERES 


Ieyavys AVERAGE FORWARD CURRENT (AMPERES) 


leyavys AVERAGE FORWARD CURRENT (AMPERES) 


MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 


700 


600 


500 


400 


300 


200 


100 


110 120 130 140 


150 160 170 180 190 200 


To, MAXIMUM CASE TEMPERATURE (°C) 


6 8 10 20 


CYCLES AT 60 CYCLES PER SECOND 
MAXIMUM SINGLE-PHASE CURRENT RATING 


i ae 
ST 
PSS 


T,, AMBIENT TEMPERATURE (°C) 
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CONDITIONS 
8x 8x % copper heat sink 
fin€é => 0.9 and mounted parallel - 
to air flow. 180° conduction. 


For 3 phase ratings multiply 
_ current scale by 0.85. 


For 6 phase ratings multiply 
current scale by 0.60. 


—— Motorola Silicon Rectifiers 


Mri 260:hru mr 267 | Io = 650 AMPS 


Vp — to 400 V 


Silicon power rectifiers designed with double-case, 
multi- cell construction for extreme reliability and 
ruggedness. Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix 'R" to 
type number. 


ABSOLUTE MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


VRM(rep) 


VRM(wkg) 


VR 
Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, 


Vem (non-rep) Volts 
60 cycle peak) 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, Tet 150°C) 


Non-Repetitive Peak Surge Currents 
(superimposed on rated current at 


rated voltage, To? = 150°C) 


"¢ Rating (non-repetitive, for t 
greater than 1 msec and less re 300, 000 rege fA 
than 8. 3 msec) . 
Operating and Storage Temperature Ty T, tg ~65 to +190 
@ ls 
JC C/Watt 


== 12,000 (for 1/2 cycle) nnn 


Amperes 


~ 8,000 (for six consecutive 1/2 cycles) —> 


Thermal Resistance 


ELECTRICAL CHARACTERISTICS 


Full Cycle Average Forward Voltage Drop V Volts 
(rated I, and Ve Single phase, 60 cps, TQ=150° C) F(AV) 

Full Cycle Average Reverse Current I mA 
(rated I 5 and Ve single phase, 60 cps, Tol 50°C) R(AV) 
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—— Motorola Silicon Rectifiers 


MR1260 thru MR1267 (continued) 


FORWARD VOLTAGE CHARACTERISTICS 


MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 


1200 
ee a ee A ee 


g ss 
3 : i 
5 200 
: : 700 
z ; 600 
o 500 
: $400 
=< = 300 
E te 
7 100 


To » MAXIMUM CASE TEMPERATURE (°C) 


0 02 04 06 08 10 12 14 16 18 20 
Vp , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) MAXIMUM SURGE CURRENT (Tc = 150°C) 


12,000 Ee | 
EF 
Hn glenn 


10,000 


8000 


6000 


4000 


1. 2 4 6 8 10 20 40 60 80 100 
CYCLES AT 60 CYCLES PER SECOND 
MAXIMUM SINGLE-PHASE CURRENT RATING 


lesa {uerge) » SUPERIMPOSED PEAK HALF SINE WAVE CURRENT 
(AMPERES) 


# CONDITIONS 

z een, | 10x10x% copper heat sink 

3 > mn fin ¢€ = 0.9 and mounted parallel’ 
Ps FREE Coy es to air flow, 180° conduction. 

< 

z rs For 3 phase ratings multiply 

: Late current scale by 0.85. 

é For 6 phase ratings multiply 

ie eee ee 

2 a a ae 


T,, AMBIENT TEMPERATURE (°C) 
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Motorola Silicon Rectifiers 


lo = 1000 Amps 


MRI 290 thru mRI 297 = V;, — to 400 Vv 


Silicon power rectifiers designed with multi-cell con- 
struction for extreme reliability and ruggedness. 
Standard polarity is cathode-to-water-cooled case, 
but reverse polarity devices are available designated 
by an "'R" suffix. i.e. MR1295R 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 100 | 150 
DC Blocking Voltage 
Non-Repetitive Peak Reverse Voltage| 
(one half-wave, single phase, VRM(non-r 
60 cycle peak) ep) 


Continuous Average Rectified 
Forward Current 


(single phase, resistive load, , — Amperes 
60 cps, Ta = 150°C) 


Non-Repetitive Peak Surge Currents eer aere ne 
(suiperimposed on rated current at <———18,000 (for 1/2 cycle) 


= 150° IFM(st | 
rated voltage, Tc = 150°C) (surge) 13,500 (for six consecutive 1/2 cycles)-= 


Operating and Storage Temperature ~65 to +190 = 


Thermal Resistance DC | 0. 035 °C/watt 
‘1 and 3 phase 0.045 
6 phase 0.060 


Amperes 


Case Temperature Reference Point: Tc measured at center edge of the water cooled mounting bus | 


Pore sleet ike rig aed 


Characteristic and Conditions baled 
Full Cycle Average Forward Voltage Drop Vv Volts 
(rated I, and V,, single phase, 60 cps, Tc = - 180°C) F(AV) . 
Full Cycle Average Reverse Current. 
(rated I, and V,,, single phase, 60 cps, Tc = 150°C) IR(AV) 
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Motorola Silicon Rectifiers 


MR1290 thru MR1297 (Continued) 


MAXIMUM FORWARD CURRENT 
FORWARD VOLTAGE CHARACTERISTICS versus MAXIMUM CASE TEMPERATURE (100% DUTY) 


ae ee (60 CPS, RESISTIVE OR INDUCTIVE LOAD) 
\] 1 PHASE (HALF WAVE 
| OR FULL WAVE) 
rr ww \ 7 
3 PHASE (HALF WAVE OR FULL WAVE) 


6 PHASE WITH INTERPHASE 


2000 


. 
Hi 


e 
é 
st 
aa 
| 
Bae 
ie 
eel 
El 


* 
= 
a 
=i 
a 
" 
— 
= 
Ea 
ae 
a 


RECOMMENDED OPERATING CASE TEMPERATURE RANGE 


BETWEEN 0°C (32°F) AND 100°C (212°F) WITH WATER 


COOLING FOR CONTINUOUS RECTIFIER SERVICE 


Igav), AVERAGE FORWARD CURRENT PER RECTIFIER (AMPERES) 
3 
Qo 


0 100 120 140 160 180 200 
Tc, MAXIMUM CASE TEMPERATURE (°C) 


MAXIMUM SURGE CURRENT 


ig, INSTANTANEOUS FORWARD CURRENT (AMPERES) 


(AMPERES) 


al 


0 02 O04 #06 08 10 12 14 16 18 20 
, Vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


S 
Ipad (serge), SUPERIMPOSED PEAK HALF SINE WAVE CURRENT 


1 2 4 6 8 10 20 40 60 80 100 
CYCLES AT 60 CYCLES PER SECOND 


TYPICAL COOLING RATES AT RATED LOAD CONDITIONS 


Inlet Minimum Approx. Water 
Water Water Temp. Rise 
Temperature Flow at Specified 
Required Flow Rate 
(Gallons/Hour) COOLING REQUIREMENTS 


Type of Cooling — Water 
Min Inlet Water Temp. — 0°C 
Max Inlet Water Temp. — 75°C 


NOTE: Water flow rates may be decreased at lighter load 
demands provided maximum case temperatures are not ex- 
ceeded. In some applications where cooling systems are op- 
erated in series, it may be desirable to increase flow rates in 
order to minimize water temperature rises. 


NOTE: 


MAXIMUM RMS DEMAND CURRENT versus PERCENT DUTY Curves apply to normal rectifier 
service conditions with maintained 


co A A ec , 
5000} —— Sea Oa OO SS A Ga Rectifier Case Temperature (Tc) equal 


to or less than the values specified. 


ee rea Tal 
a ee ee a a Oa 
A a To determine the Maximum Average 
Current [Ircav)] per rectifier, multiply 
the RMS Current [Ir] rating by the fac- 
tor given for the operating condition. 
@ Ircav) = .64I¢ for Single Phase 
@ Ircav) = .57I for Three Phase and 

Six Phase with interphase 

@ Ircav) = .40Ir for Six Phase Star 


ls — DEMAND CURRENT PER RECTIFIER 
DURING “ON” TIME (AMPERES, RMS) 


PERCENT DUTY 
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—— Motorola Silicon Rectifiers 


MR130/=Tthru MRIGS7-5 lo = 1AMP 


Ve — to 400 V 


Fast recovery silicon rectifiers designed for high- 
frequency power supply, inverter, and converter appli- 
cations. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to 
more than 300,000 cps thus permitting the design of 

CASE 52 power supplies with smaller, lighter, and less expen- 
sive associated components. 


ABSOLUTE MAXIMUM RATINGS 
= = i MR 
Peak Repetitive Reverse Voltage V 
Working Peak Reverse Voltage VeM(wkg) Volts 
DC Blocking Voltage VR 
Non-Repetitive Peak Reverse Voltage 
VRM(non-rep) wolts 


(half-wave, single phase, 
60 cycle peak) 
RMS Reverse Voltage | ov, [35 | 70 | 140 | 2t0 | 280 | | Volts _| 


Average Rectified Forward Current 
(single-phase resistive load)T A=25°C 1.0 Amperes 
Figure 2 Taz5°C 0.75 
Amperes 
Current al rated voltage, ™,* 15 *C) ‘FM(euree ee 
Peak Repetitive Forward Current 
(Ty = 75°C) "FM(rep) ee 


1t Rating 
Aum 8) 2 ec 


Non-Repetitive Peak Surge Current 
Figure 3 (superimposed on rated 


(non-repetitive, for t greater than 
1 msec and less than 8.3 msec) 


Maximum Junction Operating 
Temperature Range 


-65 to +150 


Maximum Case Storage 
Temperature Range 


Maximum Steady State DC 
Thermal Resistance 


-65 to +175 


FIGURE 1 — bbe spy igones , CHARACTERISTICS FIGURE 2— MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM AMBIENT TEMPERATURE 


50 A ST A Ss 


AES AY CS ES SE! SS ES SS 
EEE EA A A A PES i GS AEE PLAS SOS 
EGS ana Gey 0 EY » EE OEE 


ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 
re 
& 
AVERAGE FORWARD CURRENT (AMPS) 


“0 02 Of O06 O08 10 12 14 #16 18 20 
Vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) Ts, AMBIENT TEMPERATURE (°C) 
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Motorola Silicon Rectifiers 


MR1337-1 thru MR1337-5 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 


DC Forward Voltage Drop 
(I, = 1.0 Adc, 


Ty = 25° C) 


Full Cycle Average Forward poueee Drop 
(I= 0.75 Amps and Rated Vv T,= 75°C, 
ey Wave Rectifier) 

Full Cycle Average Reverse Current 
(I. = 0.75 Amp and Rated V_, T, = 75°C, 

oO r’ A 
single phase) 

DC Reverse Current 
(Rated Vp? Ty = 25°C) 


Maximum Reverse Recovery Time 
dy, = 1 Amp min) 


Maximum Overshoot Current 


FIGURE 3 — MAXIMUM ALLOWABLE NON-REPETITIVE SURGE CURRENT (SUPERIMPOSED ON RATED CONDITIONS, Ves) APPLIED AFTER SURGE, T, = 75°C) 


MOTOROLA FAST RECOVERY 
RECTIFIERS GREATLY 
INCREASE EFFICIENCY 


‘ 
3 TYPICAL LOSES AT 
HIGH FREQUENCY WITH 
CONVENTIONAL RECTIFIERS 


Iri(sorge), SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPS) 


CYCLES AT 60 CYCLES: PER SECOND 


FIGURE 4 —t. TEST CIRCUIT 


A— TEKTRONIX 545A, K PLUG-IN 
R, 300 PRE-AMP, P6000 PROBE OR £0 


10 K 
115 Vae 2W 30 50W 
60 CPS ow 7 IN NON-INDUCTIVE . — ADJUSTED FOR 1.40 BETWEEN 
© POINT 2 OF RELAY AND RECTIFIER. 
INDUCTANCE ~ 38 uh 
UNDER TEST R, — TEN 1, 100, 1% CARBON COMP. 
C.P. CURE men 
“1 AMP = 95 +10 o¢ FoR RECTIFIER 
SLO-BLO TA=2 9 
> FUSE “6 MINIMIZE ALL LEAD LENGTHS 
@ 
30 Vde C, 1 Adc FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE L pt RIPPLE = 3 mVrms MAX 
SUPPLY 300 V Zout = ¥20 MAX, DC to 2 ke 
+ & rae 
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HAVING A SEMICONDUCTOR APPLICATIONS PROBLEM? 


Perhaps one of Motorola’s authoritative Technical Information notes can 
help you find a solution. 

The most recent index to the growing list of Motorola Application Notes 
appears below. 


AN-111 
AN-112 
AN-114 
AN-124 
AN-129 
AN-130 
AN-133 
AN-134 
AN-136 
AN-138 
AN-140 
AN-141 


AN-142 
AN-143 
AN-144 
AN-146 
AN-148 
AN-149 
AN-150 
AN-151 
AN-152 
AN-153 
AN-155 
AN-156 
AN-157 
AN-158 
AN-159 
AN-160 
AN-161 


IC-10 


IC-11 


Video Amplifier with 150-mc Bandwidth 

400-mc Power Oscillator 

Modulation of Driver Stage to Increase Power Output of A-M Transmitter 
The 2N741 Mesa Transistor as a Power Oscillator and Class C Amplifier 


For Computers ... Basic RCTL Circuits 


2N711 Computer Circuits 

Designing Low-Noise RF Input Transistor Stages 

Power Inverter Circuits Using Distributor Components 
Techniques of Current-Mode Logic Switching 

Transistor Switches: The Best Design for the Worst Case 
Characterization of SCR’s as Switches for Line Type Modulators 
Silicon Controlled Rectifiers — New Opportunities for Electronic Appli- 
cations in the Home 

Highlights of Small-Signal Circuit Design 

Converting Amplifiers to Integrated Circuit Format 

Monolithic or Hybrid? 

The Gate Controlled Switch 

Integrated Circuit Reliability 

Designing Linear Microcircuits: Problems and Solutions 
Getting Transistors into Single-Sideband Amplifiers 

Charge Storage Varactors Boost Harmonic Power 

Thin Film Hybrid Techniques 

Monostable Multivibrator 

New Masking Techniques for Micro-power Transistors 

A Marine Band Transmitter Using 2N2832 Power Transistor 
Designing Monolithic |/C 

Whats and Whys about y Parameters 

A New Look at Coaxial Cavities for Varactor Multipliers 
Application of Micro-Electronics to IF Amplifiers 

Design, Performance, and Applications of the MV1892 RF Switching 


Diode 
Tuned Amplifier Design with Motorola’s MC1110 Integrated Circuit 


Amplifier 
System Design with MECL Integrated Circuit Logic Blocks 


You can obtain copies of the notes by writing to: 


Technical Information Center 
Motorola Semiconductor Products Inc. 
Box 955 | 
Phoenix, Arizona 85001 
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MOTOROLA SILICON RECTIFIER ASSEMBLIES 


Devices included in this section: 


RECTIFIER STACKS 
300 Series 


MOLDED BRIDGES 


MDA942 Series MDA962 Series MDA1505 Series 
MDA952 Series MDA1491 Series MDA1591 Series 


MINIATURE BRIDGE ASSEMBLIES 


MDA920 Series MDA94O Series MDA950 Series 
MDA930 Series 


HIGH-VOLTAGE MOLDED ASSEMBLIES 


1N1730 1N2382 MDA1330H 
IN1731 1N2383 MDA1331H 
1N1732 1N2384 MDA1332H 
IN1733 1N2385 MDA1333H 
IN1734 
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—— Silicon Rectifiers and Assemblies 


SILICON RECTIFIER ASSEMBLIES 


Silicon rectifiers are available as individual cells with a wide variety of cur- 
rent and voltage ratings, as described in the rectifier section of this manual. 
In addition, these devices are available in standard and custom assemblies, 
which greatly increase the range of applications that can be Satisfied with single - 


unit preassembled devices. 
Included in these standard assemblies are: 


High and low current rectifier circuit configurations 


ana Actual Size 


Series -connected high-voltage rectifier assemblies. 


Custom assemblies, including both zener diode and rectifier assemblies, 
can be obtained inexpensively in quantity by specifying the type of devices 
needed (from a large selection of individual diodes and rectifiers) and the de- 


sired circuit configuration. 
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Silicon Rectifiers and Assemblies 


SILICON RECTIFIER STACKS 


300 series 


Motorola silicon rectifier stacks consist of one or more medium current sili- 
con rectifiers interconnected in any of six common rectifier circuits and se- 
curely mounted in extruded-fin, aluminum coolers to provide optimum heat-sink 
surface contact. Configurations in both vertical-fin cooler (for free convection 
cooling) and horizontal-fin coolers (for forced air cooling) are available. 


TYPICAL COOLER ORIENTATIONS 


Vertical Fins — Free Convection Cooling 
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—— Silicon Rectifiers and Assemblies 


SILICON RECTIFIER STACKS (continued) 
MOTOROLA SILICON RECTIFIER STACK CODING SYSTEM 


cooling 


cooling 


dddddddd< 


STACK SERIES NUMBER 
3 — Series 300 


COOLER ORIENTATION 


V — Vertical, primarily de- 
signed for free convection 


H — Horizontal, primarily 
designed for forced air 


COOLER AXIAL LENGTH 


1 — % inch 
2 — 1¥% inch 
3 — 3 inches 


| RECTIFIER CIRCUITS 


B,C,U,D,F,H,Y,W 


RECTIFIER CELL PACKAGE 


INDIVIDUAL RECTIFIER 
CELL PIV 


A — 50 Volts 


B — 100 Volts 
C — 200 Volts 
D — 300 Volts 
E — 400 Volts 


NUMBER OF RECTIFIER 
CELLS IN SERIES IN 
EACH CIRCUIT LEG* 


1 thru 8 


*all series or paraliel connected rectifiers 


are matched units. 


NUMBER OF RECTIFIER 
CELLS IN PARALLEL IN 
EACH CIRCUIT LEG* 


A— one 
B — two 
C — three 
D — four 
£ — five 


NUMBER OF COOLERS IN 
COMPLETE STACK 


1 thru 4 
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<b 
Cc 
B — Single Phase Bridge 
OC Output Current: 12.0 to 70.0 Amps (55°C) 


DC Output Voltage: 31 to 434 Volts 
(Resistive Load) 


er 


— Single Phase, Center Tap, 
common Cathode 


— Single Phase, Center Tap, 
common Anode 


DC Output Current: 12 to 70 Amps (55°C) 


DC Output Voltage: 15 to 382 Volts 
(Resistive Load) 


D — Single Phase Doubler 
OC Output Current: 4.5 to 26.5 Amps (55°C ) 


DC Output Voltage: 50 to 1200 Volts 
(Capacitive Load) 


AC 4 AC 4 AC 
F — Three Phase, Full Wave Bridge 
OC Output Current: 18 to 88.5 Amps (55°C) 


DC Output Voltage: 46 to 377 Volts 
(Resistive Load) 


+ 


H — Single Phase Half-Wave 
DC Output Current: 6.0 to 35.0 Amps (55°C) 


DC Output Voltage: 16 to 635 Volts 
(Resistive Load) 


AC 
AC zs 
AC 


Y — Three Phase Half-Wave, 
common cathode 


W — Three Phase Half-Wave, 
common anode 


DC Output Current: 18 to 105.0 Amps (55°C) 


OC Output Voltage: 23 to 330 Volts 
(Resistive Load) 


—— Silicon Rectifiers and Assemblies ——— 


SILICON RECTIFIER STACKS (continued) 


YELLOW 
RED 
= + 
'B— SINGLE PHASE FULL WAVE BRIDGE 
YELLOW 
Max. DC 
Output VERTICAL -— free-convection cooling 


Current 
+55°C 


+55°C 
+100°C 


3VIBIA1A2 
3V1B1B1A2 
3V1IBIC1A2 
3V1B1D1A2 
3VIBIELA2 
3V1B1D2A4 
| 3VIBIE2A4 


3HIBIALA2 
3H1B1B1A2 
3HIBIC1A2 
3H1B1D1A2 
3HIB1E1A2 


3VIFIAIA3 
3V1F1B1A3 
3V1FICIA3 
3V1F1D1A3 
3V1IFIE1A3 


Le | 


3V2BIA1A2 
3V2B1B1A2 
3V2B1C1A2 
3V2B1D1A2 


 3V2B1E1A2 


3V2B1D2A4 
3V2BIE2A4 


3H2B1A1A2 
3H2B1B1A2 
3H2BIC1A2 
3H2B1D1A2 
SH2BIE1A2 
3H2B1D2A4 
3H2B1E2A4 


F — THREE PHASE FULL WAVE BRIDGE 


3V2FIA1A3 
3V2F1IB1A3 
3V2FIC1A3 
3V2F1ID1A3 
3V2FIEIA3 


peo 0A 16. OA 22. OA 32. 0A 48. 0A 


10. we 


3V3BIA1A2 
3V3B1B1A2 
3V3BIC1A2 
3B3B1D1A2 
3V3BIE1A2 
3V3B1D2A4 
3V3B1E2A4 


HORIZONTAL — forced air cooling (1000 LFM) 


3H3B1A1A2 
3H3B1B1A2 
3H3B1C1A2 
3H3BID1A2 
3H3BIELA2 
3H3B1D2A4 
3H3B1E2A4 


O YELLOW 


14. Lee a Pee | 0A 


Cap. 
Line 
to Line 


3V2BIA1A4 3V3B1A1A4 


3V2B1IB1A4 3V3B1B1A4 
3V2B1C1A4 3V3B1C1A4 
3V2B1D1A4 3V3B1ID1A4 
3V2BIE1A4 3V3B1E1A4 


Cap. 
Line 
to Line 


3H2BIA1A4 3H3BIA1A4 
3H2BIB1A4 3H3B1B1A4 
3H2B1C1A4 3H3B1C1A4 
3H2B1D1A4 3H3B1D1A4 


SH2BIE1A4 3H3B1E1A4 


O YELLOW 


3V3FIA1A3 
3V3FIB1A3 
3V3FIC1A3 
3V3F1IDIA3 
3V3F1E1A3 
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——— Silicon Rectifiers and Assemblies 


SILICON RECTIFIER STACKS (continued) 


THREE PHASE, FULL WAVE BRIDGE (continued) 


HORIZONTAL — forced air cooling (1000 LFM) 


_ Current 


455°C 
+100°C 


3HIF1A1A3 
3H1F1B1A3 
3HIFIC1A3 
3H1F1D1A3 
3H1F1E1A3 


3H2F1A1A3 
3H2F1B1A3 
3H2F1C1A3 
3H2F1D1A3 
SH2F1IE1A3 


3H3F1A1A3 
3H3F1B1A3 
SH3F1IC1A3 
3H3FID1A3 


| 8H3FIELA3 


SINGLE PHASE, CENTER TAP RECTIFIER 


C — SINGLE PHASE CENTER TAP, COMMON CATHODE 
U — SINGLE PHASE CENTER TAP, COMMON ANODE 


YELLOW 
RED 
+ 
YELLOW 


VERTICAL — free convection cooling 


Current 


3VICIAIAIL 
3VIC1BIAl1 
3V1IC1CI1Al1 
3V1IC1DIA1 
3VICIE1A1 
3V1C1D2A2 
3V1C1LE2A2 
3V1C1D4A4 
3VICIE4A4 


455°C 
+100°C 


3HIC1A1A1 
3HIC1B1A1 
3HICICIA1 
3H1C1D1A1 
3HICIE1A1 
3H1C1D2A2 
3HIC1E2A2 


3V2C1A1A1 
3V2C1B1Al 


3V2CICI1A1 


3V2CIDIA1 
3V2C1E1Al 
3V2C1D2A2 
3V2C1E2ZA2 
3V2C1D4A4 
3V2C1E4A4 


3H2CIAI1A1 
3H2C1B1A1 
3H2C1ICI1A1 
3H2CIDIAL 
3H2C1E1A1 
3H2C1D2A2 
3H2C1E2A2 
3H2C1D4A4 
3H2C1E4A4 


3V3C1A1A1 
3V2C1BiAl 
3V3CICIAL 
3V3C1DI1A1 
3B3C1E1A1 
3V3C1D2A2 
3V3C1E2A2 


3V3C1D4A4 . 


3V3C1E4A4 


3H3C1AIA1 
3H3C1B1Al1 
3H3C1C1A1 
3H3C1D1Al 
3H3C1E1A1 
3H3C1D2A2 
3H3C1LE2A2 
3H3C1D4A4 
3H3C1E4A4 


3V2C1A1A2 
3V2C1B1A2 
3V2C1IC1A2 
3V2C1D1A2 
3V2CIELA2 
3V2C1D2A4 
3V2C1E2A4 


3H2C1A1A2 
3H2C1B1A2 
3H2C1C1A2 
3H2C1D1A2 
3H2C1E1A2 
3H2C1D2A4 


SH2C1E2A4 


3V3C1A1A2 
3V3C1B1A2 
3V3C1C1A2 
3V3C1D1A2 
3V3C1E1A2 
3V3C1D2A4 
3V3C1E2A4 


3H3C1A1A2 
3H3C1B1A2 
3H3C1C1A2 
3H3C1D1A2 
3H3C1E1A2 
3H3C1D2A4 
3H3C1E2A4 


Line to 
Center 


—— Silicon Rectifiers and Assemblies 


SILICON RECTIFIER STACKS (continued) 


D-SINGLE PHASE DOUBLER 


YELLOW 


3V1IDIAIA1 
3V1IDIBIA1 
3V1IDICI1A1 
3V1D1D1A1 
3V1IDIEIA1 
3V1D1D2A2 
3V1D1E2A2 
3V1D1D4A4 
3V1IDIE4A4 


3HIDIAIAI 
3HIDIBIA1 
3HIDICIAL 
3HIDIDIAI1 
3H1IDIEI1A1 
3H1D1D2A2 
3HIDIE2A2 


3V2D1A1A1 
3V2D1B1A1 
3V2D1C1Al1 


3V2D1D1A1 


3V2D1E1A1 
3V2D1D2A2 
3V2D1E2A2 
3V2D1D4A4 
3V2D1E4A4 


3V3DI1A1A1 
3V3D1B1Al 
3V3D1C1A1 


3V3D1D1A1 


3V3D1E1A1 
3V3D1D2A2 
3V3D1E2A2 
3V3D1D4A4 
3V3D1E4A4 


3V2D1A1A2 


{| 83V2D1B1A2 
~ 3V2D1C1A2 


3V2D1D1A2 
3V2D1E1A2 
3V2D1D2A4 
3V2D1E2A4 


} 3V3D1A1A2 


3V3D1B1A2 
3V3D1C1A2 
3V3D1D1A2 
3V3DIE1A2 
3V3D1D2A4 
3V3D1E2A4 


HORIZONTAL — forced air cooling (1000 LFM) 


3H2D1A1A1 
3H2D1B1A1 


3H2DICIA1 . 


3H2D1D1A1 
3H2D1E1A1 
3H2D1D2A2 
3H2D1E2A2 
3H2D1D4A4 
3H2D1E4A4 


3H3D1A1A1 
3H3D1B1A1 
3H3D1C1A1 
3H3D1IDIA1 


S3H3DIE1AL 
3H3D1D2A2- 


3H3D1E2A2 
3H3D1D4A4 


3H3D1E4A4 


3H2D1A1A2. . 


3H2D1B1A2 
3H2D1C1A2 


3H2D1D1A2 © 


3H2D1E1A2 


.3H2D1D2A4 


3H2D1E2A4 


3H3D1A1A2 | 
3H3D1B1A2 
3H3D1C1A2 


~3H3D1D1A2 


3H3D1E1A2 
3H3D1D2A4 
3H3D1E2A4 


Max. RMS 
Input 
‘Voltage — 


Max. DC . 
Output VERTICAL — free convection cooling 


+100°C} 2. 5A 3. 5A 5. OA 7. 0A 9.5A 
Voltage | | | 
Res, | Cap. 
Load | Load 


3V3H1A1A1 
3V3H1B1A1 
3V3HICIA1 
3V3H1IDI1A1 
3V3H1E1A1 


3V1H1A1A1 
3V1H1B1A1 
3V1HIC1A1 
| 3V1H1D1A1 

3V1H1E1A1 
3V3H1D2A1 
3V3HIE2A1 
3V3H1D4A2 


3V2H1A1A1 
3V2H1B1A1 
3V2HICIA1 . 
3V2HIDIA1 
3V2HIE1AL 


3V2H1D2A1 
3V2H1E2A1 
3V2H1D4A2 


3V1H1D2A1 
3V1H1E2A1 
3V1H1D4A2 


3V2H1D3A3 | 3V3H1D3A3 


- 3V2H1E3A3 
3V2HIE4A4 


3V3H1E3A3 
3V3H1E4A4 


| 3VIH1E4A2. 
3V1H1E6A3 
3V1H1E8A4 


3V2H1E4A2 
3V2H1E6A3 
3V2HIE8A4 


3V3HLE4A2 
3V3H1E6A3 
3V3H1E8A4 
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—— Silicon Rectifiers and Assemblies ——— 


SILICON RECTIFIER STACKS (continued) 


SINGLE PHASE, HALF-WAVE RECTIFIER (continued) 


HORIZONTAL -— forced air cooling (1000 LFM) 


+55°C | 18, 5A 22. 0A 29. 5A 34, OA 35. OA 


Voltage 


3H1H1D2A1 
3H1H1E2A1 
3H1H1D4A2 


3H1H1E4A2 
3HLHIE6A3 


3V1Y1D2A3 
3V1LY1E2A3 


455°C 


3H1Y1D2A3 
3HIY1E2A3 


3H2H1D2A1 
3H2H1E2A1 
3H2H1D4A2 


3H2H1E4A2 
3H2H1E6A3 
3H2H1IE8A4 


3V2Y1D2A3 
3V2Y1E2A3 


3¥ 


3H2Y1D2A3 
3H2Y1E2A3 


3H1H1A1A1 
3H1H1B1A1 
3H1H1C1A1 
3H1IHIDIA1 
3H1H1IEIAI 
3H3H1D2A1 
3H3H1E2A1 
3H3H1D4A2 


3H3H1E4A2 
3H3H1E6A3 
3H3H1E8A4 


THREE PHASE HALF-WAVE RECTIFIER 


3V1LY1A1A3 
3V1Y1B1A3 
3V1Y1C1A3 
3V1Y1D1A3 
3V1Y1LE1A3 
3V3Y1D2A3 
3V3Y1E2A3 


3H1LY1A1A3 
3H1Y1B1A3 
3H1Y1C1A3 
3H1Y1D1A3 
3H1Y1E1A3 
3H3Y1D2A3 
3H3Y1E2A3 


3H2HIAIA1 
3H2H1B1A1 
3H2H1IC1A1 
3H2H1ID1A1 
3H2HIE1A1 


3H2H1D3A3 


3H2H1E3A3 
3H2ZH1E4A4 


3V2Y1A1A3 
3V2Y1B1A3 
3V2Y1C1A3 
3V2Y1D1A3 
3V2Y1IELA3 


HORIZONTAL — forced air cooling (1000 LEM) 


3H2Y1A1A3 
3H2Y1B1A3 
3H2Y1C1A3 
3H2Y1D1A3 
3H2Y1E1A3 


3H3H1A1A1 
3H3HIBIA1 
3H3H1C1A1 
3H3HIDIA1 
3H3H1IE1A1 


3H3H1D3A3 


3H3H1E3A3 
3H3HI1E4A4 


Max. DC 
Output VERTICAL — free convection cooling 


Max. RMS 
18, 0A 24, OA 33. OA 48. OA 72. OA ia 
10, 5A 15. 0A 21, 0A 28. 5A a ao 


3V3Y1A1A3 
3V3Y1B1A3 
3V3Y1C1A3 
3V3Y1D1A3 
3V3Y1E1A3 


3H3Y1A1A3 
3H3Y1B1A3 
3H3Y1C1A3 
3H3Y1D1A3 
3H3Y1E1A3 


Line to 
Neutral 


YELLOW 

ED 

Y — THREE PHASE HALF-WAVE, COMMON CATHODE YELLOW re 
W — THREE PHASE HALF-WAVE, COMMON ANODE = 


Cap. 
Line to 
Neutral 


—— Silicon Rectifiers and Assemblies 


MINIATURE DIODE ASSEMBLIES 


mMDA920 series 
mpA930 series 
mpa940 series 
mpA950 series 


Miniature Integral Diodes Assemblies (MIDA ) are low-current rectifier cir- 
cuit configurations designed with a high output-current/size ratio for applica- 
tions where space is at a premium. 


| | POLARITY |__| 350 

DOTS | .400 

.265 SQ. 
MAX 
-015 MAX 
ig —- —— } 
-110 MAX oe 0 MAX 
OUTLINE 1 | OUTLINE 2 


POLARITY DOTS: R; RED-POS. OUT 
W: WHITE-NEG. OUT 
ELECTRICAL CHARACTERISTICS (All Types) | Y; YELLOW-AC IN 


(At 25°C ambient temperature unless otherwise indicated ) 


Maximum Forward Voltage Drop Ve 12 Volts 
(Per Cell,) 
(500 mAdc) 
Peak Recurrent Forward Current I, Amps 
(Full Wave, 60 cps) 
Peak One Cycle Surge Current eee 32 Amps 
(Full Wave, 60 cps) ; a 
Maximum Reverse Current @ 1,” , pA 
Rated DC Voltage* 25°C 60 
100°C 600 


Ty | ; 
and -50 to +175 C 
: eres 

stg 


*2 cells in parallel - MDA920 series 
1 cell - MDA930, MDA940, and MDA950 series 


Operating and Storage 
Temperature Range 
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MINIATURE DIODE ASSEMBLIES (continued) 


Circuit Diagram and 
Terminal Identification 


SINGLE PHASE 
FULL WAVE BRIDGE 
AC 
+ 
AC 
eee Peak Rever se F Max. RMS } Max. DC Output Voltage | DC Output Voltage outtt Xs DS ae 
er Ce 
Type No. velaee'r Onan tad At 75°C 
Amps 
MDA920-1 1.0 
MDA920-2 1.0 
MDA920-3 1.0 
MDA920-4 1.0 
MDA920-5 1.0 
MDA920-6 1.0 
MDA920-7 1.0 
SINGLE PHASE 
VOLTAGE DOUBLER 
+ 
RED 
YELLOW 
AC 
WHITE 


MDAQ30-1 
M DA930-2 
MDA930-3 
MDA930-4 
MDA930-5 
MDA930-6 
MDA930-7 


SINGLE PHASE CENTER TAP 
COMMON ANODE 


AC 
YELLOW 


WHITE 


YELLOW 
COMMON COMMON 


CATHODE ANODE 


MDA950- 1 
MDA950-2 
MDA950-3 
MDA950-4 


AC 


MDA950-5 
MDA950-6 
MDA950-7 
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ue 


MINIATURE DIODE ASSEMBLIES (continued) 


MAXIMUM ALLOWABLE SURGE CURRENT 


(ALL TYPES) 


(S3U3dW) LNIYUND GUYVMYOd JAVM TINA AW3d 


CYCLES AT 60 CPS 
MAXIMUM ALLOWABLE DC OUTPUT CURRENT 


(ALL TYPES) 


(SNIdWY) LNINYND GYYMUOS “7 


T,, AMBIENT TEMPERATURE (°C) 
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—— Silicon Rectifiers and Assemblies ——— 


RECTIFIER BRIDGES IN MOLDED ASSEMBLIES 
Single Phase Full Wave Bridge “ty, 


mMpAQ942 sERIES (1.5 AMPS DC) 


ee 
mpA952 sERIES (6 AMPS DC) MDA94 
MpDA962 sERIES (10 AMPS DC) MDA952 
mpA 1491 series (1.5 AMPS DC) eget 


MbDA1591 series (4 AMPS DC) 


Three Phase Full Wave Bridge 
MDA1491 


mpA15Q5 series (8 AMPS DC) MDA1491 Bs RE 


Hermetically sealed individual rectifier cells interconnected as single-phase 
and three-phase bridge rectifiers and encapsulated in molded plastic cases. 


ABSOLUTE MAXIMUM RATINGS at 25°C ambient unless otherwise noted) 


VOLTAGE |DC OUTPUT|PEAK FULL WAVE |WAVE RE- 
PEAK REVERSE  |SINE WAVE CURRENT | ONE CYCLE CURRENT FOR- 
VOLTAGE PER CELL|RMS INPUT | Res. | Cap. | @55°C L 


MOTOROLA|(DC or RECURRENT) | VOLTAGE | Load| Load | AMBIENT (60 cps) (60 cps) 
TYPE NO, VOLTS VOLTS Volts | Volts AMPS AMPS AMPS 


MDAI491-1 
-2 100 


-3 200 
-4 300 


-5 400 
-6 . 


MDAI591-1 
-2 
-3 
-4 
-5 
-6 


Se ee ee ee tea eee 


MDAI505-1 50 
-2 100 
-3 200 
~4 300 
-5 400 
-6 600 


Maximum Operating and Storage Temperature: -65°C to + 150°C (All Types) 
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RECTIFIER BRIDGES (continued) 


ELECTRICAL CHARACTERISTICS (at 25° ambient) 


re 


Max, Fwd. Voltage Drop 

Per Cell, = 0. 75 Adc) 

MDA 942 

1.5 Amp Series Max. Reverse Current Per 
Cell(V,, = Rated PRV) 


Max. Fwd. Voltage Drop 
Per Cell (i, = 3.0 Adc) 
MDA 952 
6. 0 Amp Series Max. Reverse Current Per 
Cell Ve = Rated PRV) 


< < 


Max. Fwd. Voltage Drop 
Per Cell , = 5.0 Adc) 
MDA 962 
10. 0 Amp Series Max. Reverse Current Per 
Cell esos Sahin = Rated PRV) 


Max, Fwd. eat Sea Drop 
Per Cell I, = 0.75 Adc) 


MDA 1491 
1.5 Amp Series Max, Reverse Current Per 
Cell Ve = Rated PRV) 


Max. Fwd. Voltage Drop 
Per Cell (i, = 4.0 Adc) 
MDA 1505 
4.0 Amp Series Max. Reverse Current Per 
Cell (Vp = Rated PRV ) 


Max, Fwd, Voltage Drop 


Per Cell (I, = 2,0 Adc) 
MDA 1591 


8.0 Amp Series’ Max, Reverse Current Per 
Cell (V R* Rated PRV) 


MAXIMUM ALLOWABLE FULL WAVE SURGE CURRENT 
AT RATED LOAD CONDITIONS 
100: 


ALL TYPES 
A— 25°C 


~ 
on 


PERCENTAGE OF PEAK, FULL WAVE, 
ONE CYCLE SURGE CURRENT . 
on 
o 
PERCENTAGE OF RATED D-C OUTPUT 


nN 
on 


1 2 4 6 810 20 40 60 80 100 0 25 
CYCLES AT 60 CPS 


MAXIMUM ALLOWABLE D-C OUTPUT 
(RESISTIVE OR INDUCTIVE LOAD) 


SRERAUED 
ttt er 
tibet 
ati ttt 


50 75 100 125 
T,, AMBIENT TEMPERATURE (°C) 


150 


175 


—_ Silicon Rectifiers and Assemblies 


RECTIFIER BRIDGES (continued) 


_t 
1] Tae 0.250 
MDA942 aa | : 
raga ii = 
MAX MAX ‘7 MIN 


0.140 DIA 
CB. 0.250 x 0.125 
2 PLACES 
MDA952 
0.140 MIN DIA 
A PLACES | 
0.140 DIA 
CB. 0.250 x 0.125 
9 PLACES 
1415 
MDA962 


0.140 MIN DIA 
4 PLACES 
0.843 
ie (REF) 
C 1.265 
MAX 
MDA1491 
| 1.264 
(REF) 
0.843 
| (REF) | 
c 1.265 
MAX 
MDA 1591 
| 1.264 
(REF) 
1.50 
0.140 DIA MAX 
C.B. 0.250 x 0.125 0.557 
2 PLACES 
0.870 
MDA 1505 1.115 


0.140 MIN DIA 
5 PLACES 


——— Silicon Rectifiers and Assemblies 


HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES 


mvAl330H 
mvAl331H 
mvAl332H 
mva1333H 


lo — to 2.5 AMPS 
Vemirep) = 5000 and 10,000 VOLTS 


Compensated series-connected rectifier cells for high-voltage single-phase, 
half-wave circuit applications. Each cell in the series string is shunted by a 
high-voltage capacitor and resistor for equal voltage distribution. 


MAXIMUM RATINGS 
Peak Repetitive Reverse Voltage 
(Rated Current, Over Operating Temperature ma VRM(rep) | 5,000 | 10, 000 } 5,000 | 10, 000 | | 10, 000 | 000 ) vous | 


RMS Reverse Voltage 
(Rated Current Over the Complete Operating 7,000 7, 000 Volts 
Temperature Range) 

DC Blocking Voltage 
(Over Operating Temperature Range) FY | 8,000 | 61.080 3,000 | 6, 000 


Average Half Wave Rectified Forward Current 
1.0 Amps 
T A” 100°C 0.3 


(Resistive Load, 180° Conduction Angle, 

Peak 1 Cycle Surge Current 
(T, = 40°C, Superimposed on Rated TEM(surge) ~ Amps 
Current at Rated Voltage) 


60cps, Free Convection Cooling) wn = 40°C 
eee DC 1010 ——————= p> 


Operating and Storage Temperature Range foe 8-55 to +111) 


2) VRM(rep) ratings of 5,000 or 10,000 volts peakare both the maximum repetitive 
and non-repetitive ratings.’Where voltage transient suppresion is employed, 
these assemblies can be reliably operated at the maximum ratings. 


@) The DC Blocking Voltage rating (Vp), is established by the continuous power 
dissipation ratings of the shunting resistors and is not a function of the series 
rectifiers. 


ELECTRICAL CHARACTERISTICS 


Maximum Full-Cycle Average Forward Voltage Drop 
(Half-Wave, Resistive Load, Rated Current and 
Voltage, T 740°C) 


Maximum Full-Cycle Average Reverse Current 
(Half-Wave, Resistive Load, Rated Current and 


Voltage, T A=40° C) 


Note: Ambient temperatures are measured at the cold air source point i.e. imme- 
diately below the rectifier legs under convection cooling and on the cool air 
side with forced air cooling. 
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—— Silicon Rectifiers and Assemblies 


HIGH VOLTAGE SILICON RECTIFIERS (continued) 


ELECTRICAL DESIGN NOTES 


1. For single-phase full-wave circuits using "Series 1300" stacks, multiply 
the current ratings given for the half-wave by two. 

2. For three-phase full-wave and half-wave circuits, multiply given current 
ratings for single-phase half-wave by two and one half. 

3. For capacitive loads, sufficient surge and capacitor inrush current pro- 
tection must be employed. Recurrent peak currents up to six times the single- 
phase average output current ratings can be safely sustained when the average 
value of these peaks are held at or below the rated average output. Non- 
repetitive peak currents must be held to the maximum surge ratings. 


TYPICAL FORWARD CHARACTERISTICS 
(Ty = 25°C) 


2.0 


ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 
ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 


Saaniere 
Bene sea ix 
Li TAL TAT 


0 2 4 6 2 4W 6 18 
Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


10 
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——- Silicon Rectifiers and Assemblies 


HIGH VOLTAGE SILICON RECTIFIERS (continued) 


FM (surge)» SUPERIMPOSED PEAK FORWARD CURRENT (AMPS) 


lo, AVERAGE CURRENT (AMPS) 


MAXIMUM SURGE CURRENT 
RATED CONDITIONS 


MDA1330H and MDA1331H 


eee Tie meee 
oe eS ee eG 
Ne eet 
ee ee 
HR 
BNE tie eee 
Eee 
eS ee 
eae ei eee 
Loe lee ee lee 
Pe se ae 
nee ee 


2 4 6 8 10 20 40 60 80100 
CYCLES AT 60 CPS 


20 


10 


IM (surge). SUPERIMPOSED PEAK FORWARD CURRENT (AMPS) 


MDA1332H and MDA1333H 


a ee ee ee ee 
ame a eae 
ee ce ee 
Ae a ee a 
Be BRED ae 
a See ees 
Nt 


300 


200 


4 6 8 10 20 
CYCLES AT 60 CPS 


40 60 80100 


MAXIMUM AVERAGE HALF-WAVE RECTIFIED CURRENT 
(RESISTIVE OR INDUCTIVE LOAD, 180° CONDUCTION ANGLE, 60 CPS) 


MDA1330H and MDA1331H 


The | 
CTT NATE 
COTE NTE 
CTT NE 

CEN AE 
CAT ND 
CATA 
POTTY 


1.0 


1000 LFM 


0.5 


lo, AVERAGE CURRENT (AMPS) 
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MDA1332H and MDA1333H 


eet delle le| 
REcaNesee ee 
ARERR SSSR RAe 
Bie Ne eRee 
Pee aNh Cees 


SECON Elo 
oe NNN 
Eee ENN 


Ta, AMBIENT TEMPERATURE (°C) 


—— Silicon Rectifiers and Assemblies 


MECHANICAL DESIGN INFORMATION AND OUTLINE Di- 
MENSIONS FOR THE BASIC MDA1330H AND MDA1331H 
RECTIFIER LEGS. 


4 
MILLED TERMINAL SLOTS 0.144 NOM 
0.046 WIDE, 0.172 DEEP 
1.25 MAX 1.35 
MAX 


POLARITY DOTS: RED=-+-DC OUTPUT 


NOTES: These basic rectifier legs are suitable for chassis 
mounting and connection into multiple leg circuits. Center 
tapped versions of the MDA1330H and MDA1331H are 
also available for use in lower voltage, Center tapped and 
Voltage Doubler applications. The center tapped versions 
of the MDA1330H and MDA1331H are designated by a 
different suffix letter as follows: instead of “H” specify 
“C” for common cathode, center tap 

“U” for common anode, center tap 


“D” for voltage doubler. 
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MECHANICAL DESIGN INFORMATION AND OUTLINE Dt 
MENSIONS FOR THE BASIC MDA1332H ANS MDA1933H 
RECTIFIER LEGS. 


MOUNTING BARS, 
SEE NOTE 1 


OFFSET MOUNTING 
TABS, SEF NOTE 2 


0.260 


(4) 0275 HOLES 
1-1/2 MIN 2 Rae ere INSERTS 
BOTH ENDS 1 NOM 
1-3/4 NOM 


7/8 NOM 


MDA1332H | 5-5/8 nom 3-5/1621/16| 1-1/8 nom | 


MDA1333H |11-1/4 nom| 6-5/8+1/16] 2-3/8 nom 


NOTE 1. Insulated mounting bars are supplied with all 
Motorola Series 1300 stacks and the single unit bar is 
shown above. For multiple leg circuits, mounting bars are 
available in lengths suitable for 2 or 3 legs mounted side 
by side. In addition, the mounting arrangement used is also 
suitable for mounting legs top and bottom on the same bar 
with stand-offs employed for support of the assembly. 


NOTE 2. Offset mounting taps are used to provide more 
compact multiple leg assemblies. When top & bottom or 
side by side mounting is employed, reverse polarity legs 
are often required in some circuits. Legs of reverse polarity 
to that shown above are designated by an “R” suffix, i.e. 
MDA1332HR. 
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—— Silicon Rectifiers and Assemblies ——— 


HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES 


1N1730 thru in1 734 vere 10,000 VOLTS 


IN2ZGS2 thru IN2305 


Standard single-phase, half-wave, high-voltage 
silicon rectifier assemblies 


ELECTRICAL SPECIFICATIONS (covering all devices in the table below) 


Max. DC Reverse Current 
@ Late Peak Reverse Voltage 25°C =10uA 


100°C 100uA 


Max. Surge Current 2.5A 
(8 nsec) 


Operating Temperature -55°C to +150°C 


Avg. Rectified | Max. DC | 
Fwd. Fwd. Case Lead 
Current ~mA |Max.RMS | Voltage Dimensions Dimensions 


Rectifier @ 100mA 
Types @25°C {@100°C | Voltage de @ 25°C 


1N1730 
1N1731 
1N1732 
1N1733 
1N1734 
1N2382 
1N2383 
1N2384 
1N2385 


oumuaanocoan 
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In addition to these standard assemblies, a wide variety of custom assemblies 
is available. For more information, request the brochure "Motorola Molded 
Diode Assemblies." 
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MOTOROLA 
SILICON a RECTIFIERS 
GATE CONTROLLED SWITCHES 


e For case outline dimensions, see page 1-26. 


SILICON CONTROLLED RECTIFIERS & GATE CONTROLLED SWITCHES 


The Motorola line of silicon controlled rectifiers is available with current 
ratings from 1.6 to 25 amps RMS and 1000 amps pulse. The gate controlled 
switch line is rated at 5 amps. 


DEVICES IN THIS SECTION 


2N681 
2N682 
2N683 
2N684 
2N685 


2N686 


Motorola Silicon Controlled Rectifiers 


2N 1843 
2N1843A 
2N 1844 
2N1844A 
2N 1845 


2N1845A 


2N2573 
2N2574 
2N2575 
2N2576 
2N2577 


2N2578 


MCR1305R Series 
MCR1308 Series 
MCR1308R Series 
MCR1604 Series 
MCR1604R Series 


MCRi605 Series 
MCR1605R Series 


Motorola Gate 
Controlled 
Switches 


MGS821 Series 
MGS924 Series 
MGS925 Series 


2N687 2N1846 2N2579 
2N688 2N1846A MCR649 Series 
2N689 2N1847 MCR729 Series 


9N 1595 2N1847A MCR808 Series 


MCR1718 Series 
MCR1907 Series 
MCR2304 Series 
MCR2304R Series 
MCR2305 Series 
MCR2305R Series 
MCR2604 Series 
MCR2604R Series 
MCR2605 Series 
MCR2605R Series 


2N 1596 2N 1848 MCR808R Series 
2N 1597 2N1848A MCR846 Series 
2N1598 2N 1849 MCR914 Series 


2N 1599 2N1849A MCR1304 Series 
2N 1842 2N1850 MCR1304R Series 


2N1842A 2N1850A MCR1305 Series 


SILICON GATE CONTROLLED SWITCHES 


The gate controlled switch is a PNPN semiconductor device that can be used 
as a bistable latching switch under complete control of the gate signal. The 
gate controlled switch is turned on by a positive gate signal and turned off with 
a negative gate signal, 


SCR SYMBOLS AND DEFINITIONS 


le *LEGEND EXAMPLE 


ANODE © : VOLTAGE 


| GATE OPEN 


V. @ I; Vom 
CATHODE 


GATE 


\ 
MAXIMUM 


FORWARD 


" leom 
Vrom Ip 
dv /dt FORWARD VOLTAGE APPLICATION RATE (V/usec) - A rate of applied voltage in excess of 
this value may cause premature, nondestructive breakover. 
I, FORWARD CURRENT - The RMS value of forward current during the ''on” state. RMS value is 
the same for all conduction angles. 
Trav) AVERAGE FORWARD CURRENT - The full cycle average forward ciipwent for specified con- 


ditions of case temperature and conduction angle. 


lem PEAK FORWARD CURRENT, ''ON" STATE - The peak current through the collector junction for 
a positive anode-to-cathode voltage. 


PEAK ONE-CYCLE SURGE FORWARD CURRENT - The maximum forward current having a 
single forward cycle (8.3 milliseconds duration) in a 60 cps single-phase resistive load system. 
The surge may be preceded and followed by maximum rated voltage, current, and junction tem- 

.-perature conditions, and maximum allowable gate power may be concurrently dissipated. How- 
ever, limitations on anode current during turn-on should not be exceeded. 


TyM (surge) 


Tom PEAK FORWARD BLOCKING CURRENT, GATE OPEN - The peak current through the collector 
junction when the SCR is in the "off" state for a stated anode-to-cathode voltage and junction 
temperature, 

Ior GATE TRIGGER CURRENT, DC - The minimum DC gate current required to cause switching 
from the "off" state to the "on" state for a stated anode-to-cathode voltage. 

tio HOLDING CURRENT, GATE OPEN - That value of forward anode current below which the con- 
trolled rectifier switches from the conducting state to the forward blocking condition. 

Inx HOLDING CURRENT, GATE CONNECTED - That value of forward anode current below which the 


controlled rectifier switches from the conducting state to the forward blocking condition with the 
gate terminal returned to the cathode terminal thru specified impedance and/or voltage. 
l2om PEAK REVERSE BLOCKING CURRENT, GATE OPEN - The peak current through the collector 


junction when the SCR is in the reverse blocking state for a stated anode-to-cathode voltage and 
junction temperature. 


I't (FOR CIRCUIT FUSING CONSIDERATIONS) - A measure of the maximum non-recurrent RMS 
forward current capacity for pulse durations less than 8.3 milliseconds. I is in RMS amperes, 
and t is pulse duration in seconds. The same conditions as listed for lem (surge) apply. 


AVERAGE GATE POWER DISSIPATION - The value of maximum gate power dissipation averaged 
over a full cycle permitted between gate and cathode. 


Pas: PEAK GATE POWER DISSIPATION - The maximum instantaneous value of gate power dissipation 
permitted between gate and cathode. 


Ry, LOAD RESISTOR 

To CASE TEMPERATURE 

T J JUNCTION TEMPERATURE 
T stg STORAGE TEMPERATURE 
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SCR SYMBOLS AND DEFINITIONS (continued) 


t 
on 


V 


JC 


ROM (rep) 


TURN-ON TIME - The time interval between initiation of the gate current signal and reduction 
of the forward voltage to 10% of the blocking value during switching to conduction under stated 
conditions. 


TURN-OFF TIME - The time interval required for the gate to regain control of forward blocking 
characteristic after interruption of forward anode current. 


PEAK "ON" VOLTAGE - The peak forward voltage for a stated peak forward current when the 
SCR is in the "on" state. 

PEAK FORWARD BLOCKING VOLTAGE, GATE OPEN - The peak forward voltage when the SCR 
is in the "off'' state. 


PEAK FORWARD GATE VOLTAGE - The peak voltage between the gate terminal and the cathode 
terminal resulting from the flow of forward gate current. 


PEAK REVERSE GATE VOLTAGE - The peak voltage between the gate terminal and the cathode 
terminal when the junction between the gate region and the adjacent cathode region is reverse 
biased. 


GATE TRIGGER VOLTAGE, DC - The DC voltage between the gate and the cathode required to 
produce the DC gate trigger current. 


PEAK REVERSE VOLTAGE, GATE OPEN - The maximum allowable instantaneous value of re- 
verse voltage (repetitive or continuous DC) which can be applied to the device with the gate open 
at rated temperature. 


THERMAL RESISTANCE, JUNCTION-TO-CASE ~- The temperature rise per unit power dissipa- 
tion of a designated junction above the temperature of the case under conditions of thermal 
equilibrium, 


SIMPLIFIED SCR QUICK SELECTION GUIDE 


MAXIMUM ALLOWABLE 


CASE TEMPERATURE (°C) 


’ 


To 


1, 2 3 4 5 6 7 8 9 


AVERAGE FORWARD CURRENT vs. CASE TEMPERATURE 


*RATINGS FOR THE MCR2305, MCR2604 AND MCR2605 
SERIES AND ALL REVERSE POLARITY VARIATIONS 
OF THE STEEL CAN VARY SLIGHTLY ACCORDING 
TO PACKAGE. FOR EXACT DETAILS, SEE THE 
SPECIFICATIONS. 


MCR2304 SERIES 

MCR2305 SERIES* 
MCR2604 SERIES* 
MCR2605 SERIES * 


{(AV) AVERAGE FORWARD CURRENT (AMPS) 
> 
(180° CONDUCTION ANGLE, 60 cps, HALF SINE WAVE) 


ECONOMY LINE SCR’S 


Tem (surge) 


Peak Surge 
Current : 
1 Cycle Typical 
Tyo 
Type mA 


MCR1304, R Series See MCR2304, R Series for Electrical Specifications 
MCR 2304-1 100 25 

MCR 2304R-1 100 
MCR 2304-2 100 
MCR 2304R-2 100 
MCR 2304-3 

MCR2304R-3 

MCR 2304-4 

MCR2304R-4 

MCR2304-5 

MCR 2304R-5 

MCR 2304-6 

MCR 2304R-6 


25 

50 

50 
100 
100 
200 
200 
300 
300 
400 
400 


MCR1305, R Series See MCR2305, R Series for Electrical Specifications 
MCR2305-1 100 25 20 
MCR2305R-1 100 29 20 
MCR 2305-2 100 50 20 
MCR2305R-2 100 50 20 
MCR 2305-3 100 100 20 
MCR 2305R-3 100 100 20 
MCR 2305-4 100 200 
MCR2305R-4 100 200 

MCR 2305-5 100 300 

MCR 2305R-5 100 300 

MCR 2305-6 100 400 
MCR2305R-6 100 400 


MCR1604, R Series See MCR2604, R Series for Electrical Specifications 
MCR 2604-1 25 

MCR 2604R-1 

MCR 2604-2 

MCR 2604R-2 

MCR 2604-3 

MCR 2604R-3 

MCR 2604-4 

MCR 2604R-4 

MCR 2604-5 

MCR 2604R-5 

MCR 2604-6 

MCR 2604R-6 100 


OMWODMDDDMADMDMDAOA OS 
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_MCR1605, R Series See MCR2605, R Series for Electrical Specifications 
MCR 2605-1 100 25 
MCR 2605R-1 100 
MCR 2605-2 100 
MCR 2605R-2 100 
MCR 2605-3 100 
MCR'2605R-3 100 
MCR 2605-4 100 
MCR 2605R-4 100 
MCR 2605-5 100 
MCR ,2605R-5 100 
MCR 2605-6 100 
MCR 2605R-6 100 


25 
50 


COCO MOHMmOMDMDMmMMDMD MA C © 
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ECONOMY LINE SCR’S (continued) 


Tem (surge) 
Peak Surge 
Current 
1 Cycle 
60 cps 


Type Case 
MCR 808-1 
MCR 808R-1 
MCR 808-2 
MCR 808R-2 
MCR 808-3 
MCR 808R-3. 
MCR 808-4 
MCR 808R-4 
MCR 808-5 
MCR 808R-5 
MGR 808-6 
MCR 808R-6 


MCR1308-1 
MCR1308R-1 
MCR1308-2 
MCR1308R-2 
MCR1308-3 
MCR1308R-3 
MCR1308-4 
MCR1308R-4 
MCR1308-5 
MCR1308R-5 
MCR1308-6 
MCR1308R-6 


68 


Press 
Fit 


62 


SCR’S FOR PULSE MODULATOR APPLICATIONS 


MCR 729-5 7/16 in, 


MCR 1729-6 
MCR 1729-7 Stud- Mounted 


MCR 1729-8 Case 
MCR 729-9 
MCR 729-10 


MCR1718-5 
MCR1718-6 
MCR1718-7 
MCR1718-8 


@ Characterized for unilateral applications where reverse blocking capability is not important. 
Higher VRoM rated devices available on request 


@® Minimum value 


@ Typical value 


INDUSTRIAL SILICON CONTROLLED RECTIFIERS 


Type 
Number 


2N1595 
2N1596 
2N1597 
2N1598 
2N1599 


914-1 
914-2 
914-3 
914-4 
914-5 
914-6 


846-1 
846-2 
846-3 
846-4 


2N 1842 
2N1842A 
2N1843 
2N1843A 
2N 1844 
2N1844A 
2N1845 
2N1845A 
2N 1846 
2N1846A 
2N1847 
2N1847A 
2N 1848 
2N1848A 
2N 1849 
2N1849A 
2N1850 
2N1850A 


MCR 


MCR1907-1* 
MCR1907-2* 
MCR1907-3* 
MCR1907-4* 
MCR1907-5* 
MCR1907-6* 


649-1 
649-2 
649-3 
649-4 
649-5 
649-6 
649-7 


2N2573 
2N2574 
2N2575 
2N2576 
2N2577 
2N2578 
2N2579 


* Fast Turn Off at SCR 


—j TTF. 
105 2 
105 2 
105 2 
105 2 
100 16 
125 16 
100 16 
125 16 
100 16 
125 16 
100 16 
125 16 
100 16 
125 16 
100 16 
125 16 
100 16 
125 16 
100 16 
125 16. 
100 16 
125 16 
100 20 
100 20 
100 20 
100 20 
100 20 
100 20 
100 20 
125 295 
125 25 
125 29 
125 25 
125 25 
125 25 
125 20 
125 25 
125 29 
125 25 
125 25 
125 25 
125 25 
125 25 
125 25 
125 25 
125 25 
125 25 
125 25 
125 25 
125 25 
125 295 


I 


Current 
1/2 Cycle 
@60 cps 


See 2N1595 Series 


30 
30 
30 
30 


125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
260 
260 
260 
260 
260 
260 
260 


150 
150 
150 
150 
150 
150 


150 
150 
150 
150 
150 
150 
150 
150 
150 


260 
260 
260 
260 
260 
260 
260 
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FM (surge) 


aan 


Peak Surge 


25 
50 
100 
200 


25 
25 
50 
50 

100 

100 

150 

150 

200 

200 

250 

250 

300 

300 

400 

400 

500 

500 
25 
50 


100 


200 
300 
400 
500 


25 
50 
100 
200 
300 
400 


25 

50 
100 
150 
200 
250 
300 
400 
500 


25 

50 
100 
200 
300 
400 
500 


10 
10 
10 
10 
10 


Typical 


lio 
mA 


anon oa 


7/16 in 
Stud- Mounted 
Case 


TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-41 
TO-41 
TO-41 
TO-41 
TO-41 
TO-41 
TO-41 


TO- 48 
TO-48 
TO-48 
TO-48 
TO-48 
TO-48 


TO-48 
TO- 48 
TO-48 
TO-48 
TO-48 
TO- 48 
TO-48 
TO- 48 
TO-48 


TO-41 
TO-41 
TO-41 
TO-41 
TO-41 
TO-41 
TO-41 


Motorola Silicon Controlled Rectifiers 


2n681 thru 2N689 a 2 oh oe 


Industrial-type, silicon controlledrectifiers ina stud 
package with current handling capability to25 amperes 
at junction temperatures up to 125°C. 


CASE 64 
(TO-48) 


MAXIMUM RATINGS (7, = 125°C unless otherwise noted) 


Peak Reverse Voltage* + 


Peak Reverse Voltage* VRoM 
Transient (non-rep) 
(non-recurrent 
5 msec max. duration) 


Forward Current RMS 
(All Conduction Angles) 


Peak Surge Current (one cycle, 60 cps) I 

(T. = -65 to +125°C) FM (surge) 
Circuit Fusing Considerations 9 

(T, = -65 to +125°C; 8.3 msec) I't 


Peak Gate Power Pa M 


Average Gate Power Po (Av) 


peewee © 30 2 ee 
Peak Gate Current lom 


Peak Gate Voltage 
Forward 
Reverse 


Operating Temperature I -65 to +125 
Storage Temperature -65 to +150 
Stud Torque ee ete __30 


t Vrom for all types can be applied on a continuous DC basis without incurring damage. 
7 VROM (rep) ratings apply for zero or negative gate voltage. 
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Motorola Silicon Controlled Rectifiers 


2N681 thru 2N689 (continued) 
ELECTRICAL CHARACTERISTICS (T, = 125°C unless otherwise noted) 


Characteristic 


Forward Breakover Voltage 


2N681 
2N682 
2N683 
2N684 
2N685 
2N686 
2N687 
2N688 
2N689 


Forward or Reverse Leakage Current | | (Full Cycle Ave. ) ig, i | 


R 
2N681 - 2N684 
2N685 
2N686 
2N687 
2N688 
2N689 


Forward Voltage Drop 
(16 A Full Cycle Average, 180° Conduction Angle) 


Gate Trigger Current (Continuous DC) 
Gate Trigger Voltage (Continuous DC) 
Holding Current | 20 


Switching Time | | 1.0 - 4.0 
(depends on circuit - consult 
manufacturer for further information) 


Forward Voltage Application Rate 
Thermal Resistance (Junction to Stud) 


MAXIMUM ALLOWABLE GATE TRIGGER CHARACTERISTICS 


2.0 = 100 ee 
(7) [a 
SVOLISMIRIGUA MAXIMUM ALLOWABLE GATE POWER 3 
i 50 
= 
= 
S 20 
Ww < AS A FIRING CIRCUIT DESIGN CRITERIA i 
=o ALL UNITS WILL FIRE AT ANY VOLTAGE a 10 
woo AND CURRENT WITHIN THIS AREA > 
Sun © 50 
SOE 2 
ase 40mA MINIMUM = 
Egz GATE CURRENT REQUIRED = 00 
Sex ALL oS : 
Ss ta 
= ze —65°C — 80m 2 1.0) 
20.5 
MAXIMUM ALLOWABLE < 
GATE VOLTAGE 10 VOLTS (FWD) > 
<= 0,2 
w” 
= 0.1 
0 1 2 3 4 5 6 7 8 9 10 0.0 0.5 1.0 1.5 2.0 2.5 
Vc, GATE VOLTAGE (VOLTS) T,=25°C—ANODE @ 6 VOLTS INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 
0.25 . 
STUD TEMPERATURE versus CURRENT SUGGESTED FIN SIZES 


FIN SIZE RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS 
6” x 6” FREE CONVECTION COOLING 


CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE 
FOR OTHER CONDUCTION ANGLES, MULTIPLY 
CURRENT VALUES BY FOLLOWING FACTORS: 


NG USE CURVES FOR DC, 14, 3¢, 6 
~~ NX CIRCUITS BY CHOOSING PROPER 
CONDUCTION ANGLE FACTOR 
~! 


FINS 1/16” THICK COPPER 

WITH EMISSIVITY =90% 

STUD MOUNTED DIRECTLY 
7 TOCOPPER FIN 

MINIMUM SPACING = 3/4” 


0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 20 40 60 8 100 120 140 160 180 200 
AVERAGE FORWARD CURRENT (AMPERES) T,, AMBIENT TEMPERATURE (°C) 


CV 


0° 180° 


NSSHn 
PANN SS tr 


AVERAGE FORWARD CURRENT (AMPERES) 


Ts, MAXIMUM ALLOWABLE STUD TEMPERATURE (°C) 


5-10 


Motorola Silicon Controlled Rectifiers 


2N1595 thru 2N1599 I, = 1.6 A RMS 


Vrom = 50-400 V 


Industrial-type, low-current silicon controlled recti- 
fiers in a three-lead package ideal for printed-circuit 
applications. Current handling capability of 1.6 am- 
peres at junction temperatures up to 125°C. 


CASE 32 
(TO-5) 


MAXIMUM RATINGS (Ts = 125°C unless otherwise noted) 


Peak Reverse Blocking Voltage* VROM(rep)* Volts 
2N1595 50 
2N1596 100 
2N1597 200 
2N1598 300 
2N1599 400 
Peak Forward Blocking Voltage * VFOM Volts 
(Rgc = 1000 ohms) 2N1595 50 
2N1596 100 
2N1597 200 
2N1598 300 
2N1599 400 
Forward Current RMS Ih 1.6 Amps 
(All Conduction Angles) 
Peak Surge Current IFM(surge) Amps 
(One Cycle, 60 cps, 
Ty = -65 to +125°C) 15 
Peak Gate Power Pom 0.1 Watt 
Average Gate Power Po AV) 0.01 Watt 
Peak Gate Current Icom 0.1 Amp 
Peak Gate Voltage - Forward VGFM 10 Volts 
Reverse VGRM 10 
Operating Temperature Range Ty -65 to +125 °C 
Storage Temperature Range Tote -65 to +150 oC 


*JEDEC Registered Values 
**VROM & VFoM for all types can be applied on a continuous DC basis without 
incurring damage. 


Motorola Silicon Controlled Rectifiers 


2N1595 thru 2N1599 (continued) 
ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted, Rec = 1000 ohms) 


Characteristics 


Peak Reverse Blocking Current 
(@ rated Vpoy T J7 125 C) 


Unit 


Symbol Min 


Peak Forward Blocking Current 
@ rated Vpoy> Ty = 125°C) 


Forward On Voltage 
(Ip =1 Adc) 


Gate Trigger Current 


(Anode Voltage = 7V,R, = 122) 10.0* 


Gate Trigger Voltage 
(Anode Voltage = 7V,R, = 122) 
(Anode Voltage = 7V, Ry, = 122, Ts = 125°C) 


3.0* 


Volts 


Holding Current 
(Anode Voltage = 7 V) 


— 
RR 


Turn-on Time 
(gy = 10 mA, Ip = 1 A) 
Igr = 20 mA, Ip = 1 A) 


Turn-off Time 
(Ip = 1A, Ip = 1A, dv/dt = 20 V/ usec, Ty = 125°C) 


*JEDEC Registered Values 
MAXIMUM ALLOWABLE 


lew = 100mA = GATE TRIGGER CHARACTERISTICS 


50 MAXIMUM ALLOWABLE GATE POWER 
+" | 3.0 VOLTS Pom -: 100 mw 
20 GATE VOLTAGE 
REQUIRED TO 

10 +4 FIRE ALL UNITS _—_ -— 
5.0 \— AS A FIRING CIRCUIT 

TYPICAL TRIGGER POINT DESIGN CRITERIA ALL UNITS 
2.0 ° WILL FIRE AT ANY VOLTAG 


E 
AND CURRENT WITHIN THIS AREA 


10 mA GATE CURRENT REQUIRED 
ene ona OTE: VOLTAGE DROP MEASURED 
(65°C — 15 mA) Y INCH FROM BOTTOM OF CASE 


ley GATE CURRENT (mA) 
5 


MAXIMUM ALLOWABLE 


ip, INSTANTANEOUS FORWARD CURRENT (AMPS) 


GATE VOLTAGE roel A JUNCTION TEMPERATURE 
02 Sirs se eer = 125°C 
i ————————_ 25°C 
001 = 
0 1 2 3 4 5 6 7 8 9 10 0 1.0 2.0 3.0 40 ., 5.0 
Vo,GATE VOLTAGE (VOLTS) v,, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 


(T, = 25°C, ANODE @ 12 VOLTS) 
CASE TEMPERATURE versus CURRENT 


(1) DC, 14, 3, 64, CIRCUIT — RESISTIVE OR 
INDUCTIVE LOAD, 50 TO 400 CPS 


RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS 


(2) CASE TEMPERATURE MEASURED AT CENTER OF BOTTOM OF CAS 
(3) 125°C JUNCTION TEMPERATURE 


0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 
Ie tavy, AVERAGE FORWARD CURRENT (AMPS) 


Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 
T,, MAXIMUM ALLOWABLE AMBIENT TEMPERATURE (°C) 


0 0.1 0.2 03 0.4 05 06 07 
I-javy» AVERAGE FORWARD CURRENT (AMPS) 


On 
1 
NO 


—— Motorola Silicon Controlled Rectifiers 


2N1 842 thru 2N1850 Il, = 16 A RMS 
q 


Vrom = 25-500 V 


Industrial-type, silicon controlled rectifiers in a stud 
package with current handling capability to16 amperes 
at junction temperatures up to 100°C. 


CASE 64 
(TO-48) 


MAXIMUM RATINGS (T; = 100°C unless otherwise noted ) 


Characteristic Symbol 


Peak Reverse Blocking Voltage** 
2N1842 
2N1843 
2N1844 
2N1845 
2N1846 
2N1847 
2N1848 
2N1849 
2N1850 


Peak Reverse Voltage VROM(non- rep) 
Transient 2N1842 
(non-recurrent 2N1843 
5 msec max. 2N1844 
duration) 2N1845 
2N1846 
2N1847 
2N1848 
2N1849 
2N1850 


Forward Current RMS I 
(All Conduction Angles) 


Peak Forward Surge Current Irm(surge) 
(One cycle, 60 cps) 
(Ty = -40 to +100°C) 


Circuit Fusing Considerations 
(Ty = -40 tot 100°C ;=8.3 msec) 


Peak Gate Power 
Average Gate Power 
Peak Gate Current 
Peak Gate Voltage 


Forward 10 
Reverse 5 


Operating Temperature Range ~40 to +100 


Storage Temperature Range -40 to +125 


Stud Torque 30 


* JEDEC - registered values. 
a VROM(rep) for all types can be applied on a continuous DC basis without in- 
curring damage. Ratings apply for zero or_-negative gate voltage. 
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2N1842 thru 2N1850 (continued) 
ELECTRICAL CHARACTERISTICS 


Motorola Silicon Controlled Rectifiers 


‘Characteristic 


Peak Forward Blocking Voltage* 
2N1842 
2N1843 
2N1844 
2N1845 
2N1846 
2N1847 
2N1848 
2N1849 
2N1850 


Peak Forward or Reverse Blocking Current 


Forward On Voltage 
(16 Ade, Ty = 25°C) 


Gate Trigger Current (Continuous DC) 
(Anode Voltage -7V. Ry, 502. Ty + 25°C) 


Gate Trigger Voltage (Continuous DC) 
(Anode Voltage 7V. Ry, 502. Ty 25°C) 


(Anode Voltage = 7V,R,; = 502.Ty = 100°C) 


Holding Current 
(Anode Voltage - 7 V. Gate Open, T, = 25°C) 


Switching Time 
(depends on circuit - consult 
manufacturer for further information) 


Forward Voltage Application Rate 
Thermal Resistance (Junction to Stud) 


MAXIMUM ALLOWABLE 
fom — 2 AMPS 


GATE TRIGGER CHARACTERISTICS 
2.0 Ty = 25°C 


MAXIMUM ALLOWABLE GATE POWER 
2.0 VOLTS si 
1.0 GATE VOLTAGE Poem = 5 WATTS 
REQUIRED TO 
FIRE ALL UNITS 
na 0.5 t 
= wi | AS A FIRING CIRCUIT DESIGN CRITERIA 
= =o ALL UNITS WILL FIRE AT ANY VOLTAGE 
- 02 mPa | AND CURRENT WITHIN THIS AREA 
5 =oe | 
a ar | 80 mA GATE CURRENT REQUIRED 
3 01 E2z | __ _ ek ___ TO FIRE ALL UNITS 
ba Ske (100°C — 50 mA) 
< .05 os (—40°C — 150 mA)* 
5 “(Ts = —4070+100°C) Ve = 3.5 Volts 
i MAXIMUM ALLOWABLE FORWARD 
.02 @ TYPICAL TRIGGER POINT GATE VOLTAGE 10 VOLTS 
.0001 


0 1 2 3 4 5 6 7 8 9 
Ve, GATE VOLTAGE (VOLTS) — ANODE @ 7 VOLTS 
*JEDEC Registered Values 


CURRENT DERATING 


DC, 1¢, 3, 6, CIRCUIT-RESISTIVE OR 
INDUCTIVE LOAD, 50 TO 400 CPS 


4 6 8 10 12 
leyavj, AVERAGE FORWARD CURRENT (AMPS) 


Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


10 


i, , INSTANTANEOUS FORWARD CURRENT (AMPS) 


|; javyp AVERAGE FORWARD CURRENT (AMPS) 


(Ts = 100°C unless otherwise noted ) 


Symbol 


2 
° 


Irom: tRom 
VF 


—_ 
. 
_— 


— 
ao 


Volts 


100 ee 
50 F_TYPICAL VALUES 
RE 2 GE DERE 
20 maar aan G7 a MAXIMUM VALUES 
ay | aa 74 
ee ee 
5.0 of eh St eo 
ee ian a7 cd Eee ‘sa [JUNCTION TEMPERATURE 
oe (ERE BR ener: 
ea GY ey SRT CO 6 ER ET eT ETA 
i A? De Gee? fae 2 Se 
Of yt ol ed ee 
0.2 ee Re eee ae eee eee, 
0.5 1.0 . 1.5 2.0 25 3.0 
, Ve , INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 
SUGGESTED HEAT SINK SIZES 
10 RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS 


FREE CONVECTION COOLING 


CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE 
FOR OTHER CONDUCTION ANGLES, MULTIPLY 
CURRENT VALUES BY ar tg Ay Aaa 


90° — 0.82 
60° — 0.72 
30° — 0.58 
DC — 1.40 
USE CURVES FOR DC, 14, 3¢, 6¢ 
CIRCUITS BY CHOOSING PROPER 

CONDUCTION ANGLE FACTOR 


FINS 1/16” THICK COPPER oS 
WITH EMISSIVITY = 90% ~ 
STUD MOUNTED DIRECTLY 
TO COPPER FIN 

ACING = 3/4” 


MINIMUM SP 


6” xX 6” 


I 
5” x 5” 


I 
4” xX 4” 


3” xX 3” 


Wa 
aa 


20 


40 
T,, AMBIENT TEMPERATURE (°C) 


60 


Motorola Silicon Controlled Rectifiers 


on1 842A thru 2nN1 850A I; = 16 A RMS 
q 


Vrom = 25-500 V 


Industrial-type, silicon controlled rectifiers ina stud 
package with current handling capability to16 amperes 
at junction temperatures up to 125°C. 


CASE 64 
(TO-48) 


MAXIMUM RATINGS (Ts = 125°C unless otherwise noted) 


Characteristics Symbol Rating Unit 


Peak Reverse Blocking Voltage** VROM(rep)** Volts 
2N1842A 25 
2N1843A 50 
2N1844A 100 
2N1845A 150 
2N1846A 200 
2N1847A 250 
2N1848A 300 
2N1849A 400 
2N1850A 500 
Peak Reverse Voltage VROM(non-rep) Volts 
Transient 2N1842A 35 
(non-recurrent 2N1843A 75 
3 msec max. 2N1844A 150 
duration) 2N1845A 225 
2N1846A 300 
2N1847A 350 
2N1848A 400 
2N1849A 500 
2N1850A 600 
Forward Current RMS ly 16 Amps 
(All Conduction Angles) 
Peak Surge Current IfM(surge) Amps 
(One cycle, 60 cps) 
(T; = -65 to +125°C) 125 
Circuit Fusing Considerations 12t A2sec 
(Ty = -65 to +125°C; < 8.3 msec) 60 
Peak Gate Power PG 5 Watts 
Average Gate Power Pc (AV) 0.5 Watts 
Peak Gate Current Icom 2 Amps 
Peak Gate Voltage Volts 
Forward VGFM 10 
Reverse VGRM 5 
Operating Temperature Range T J -65 to +125 “C 
Storage Temperature Range | Tstg -65 to +150 i © 
Stud Torque 30 in. lb. 


* JEDEC - registered values. 
+s VROM(re ) for all types can be applied on a continuous DC basis without in- 
curring damage. Ratings apply for zero or negative gate voltage. 
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2N1842 A thru 2N1850A (continued) 


Motorola Silicon Controlled Rectifiers 


ELECTRICAL CHARACTERISTICS (Ts = 125°C unless otherwise noted) 


Characteristic | Symbol 
* 


Forward Blocking Voltage* 


2N1842A 
2N1843A 
2N1844A 
2N1845A 
2N1846A 
2N1847A 
2N1848A 
2N1849A 
2N1850A 


Forward or Reverse Blocking Current 


Forward On Voltage 
(16 Ade, Ty = 25°C) 


Gate Trigger Current 
(Anode Voltage = 7 V, Ry, = 502, Ty = 25°C) 


Gate Trigger Voltage 
(Anode Voltage = 7 V, Ry = 50 2, Ty = 25°C) 


(Anode Voltage = 7V, Ry = 509 , Ty = 125°C) 


Holding Current 
(Anode Voltage = 7 V, Gate Open. Ty = 25°C) 


Switching Time 
(depends on circuit - consult 
manufacturer for further information) 


Forward Voltage Application Rate 


Thermal Resistance (Junction to Stud) 


*Vrom for all types can be applied on a continuous DC basis without incurring damage. 


Ratings apply for zero negative gate voltage. 


MAXIMUM ALLOWABLE 
iom = 2 AMPS 


GATE TRIGGER CHARACTERISTICS 


2.0 MAXIMUM ALLOWABLE GATE POWER 
: Poem — 5 WATTS 
1.0 care OLTAG 
. TE VOLTAGE = 56 
REQUIRED TO Weee8 


FIRE ALL UNITS 


ss 0.5 t 

< we | AS A FIRING CIRCUIT DESIGN CRITERIA 

= £3 ALL UNITS WILL FIRE AT-ANY VOLTAGE 

= “ee | AND CURRENT WITHIN THIS AREA 

re eo= 

= 01 a | 80 mA GATE CURRENT 

5.0. Fez 1_ REQUIRED TO FIRE ALL UNITS 

ws Sz —-— a = (125°C — 50m 

= 05 g = (—65°C — 150 mA)" 

a s “(ts = ~65 TO 4125°¢) V8 = 4.5 Volts 

= MAXIMUM ALLOWABLE FORWARD 
02-4} @ TYPICAL TRIGGER POINT GATE VOLTAGE 10 VOLTS 

0001 


0 1 2 3 4 5 6 7 8 9 10 
Vg, GATE VOLTAGE (VOLTS) — ANODE @ 7 VOLTS 
0.25 *JEDEC Registered Values 


CURRENT DERATING 


DC, 14, 34, 64, CIRCUIT-RESISTIVE OR 
INDUCTIVE LOAD, 50 TO 400 CPS 


Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C 


0 2 4 6 8 10 12 14 16 
le avy, AVERAGE FORWARD CURRENT (AMPS) 


ig, INSTANTANEQUS FORWARD CURRENT (AMPS) 


teyavy, AVERAGE FORWARD CURRENT (AMPS) 


FORWARD CHARACTERISTICS — CONDUCTING STATE 


——————————————— 


Np 
o 


hae 
oo 


- © 
— a) 


oS 
on 


JUNCTION TEMPERATURE 
25°C 


25°C 


° 
nm 


0.1 
0.0 0.5 1.0 15 2.0 2.5 


Ve, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 


SUGGESTED HEAT SINK SIZES 


CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE 
FOR OTHER CONDUCTION ANGLES, MULTIPLY 
CURRENT VALUES BY FOLLOWING FACTORS : 

120° —0.91 30° — 0.58 
90° — 0.82 DC —- 1.40 
60° — 0.72 | 


USE CURVES FOR DC, 1¢, 3, 64 
CIRCUITS BY CHOOSING PROPER 


FINS 1716” THICK COPPER 


WITH EMISSIVITY =: 90% 

STUD MOUNTED DIRECTLY 

TO COPPER FIN 

MINIMUM SPACING = 3/4” 
1 


RESISTIVE 08 INDUCTIVE LOAD, 50 TO 400 CPS 
FREE CONVECTION COOLING 


0 20 40 60 80 100 120 
Ta, AMBIENT TEMPERATURE (°C) 


Motorola Silicon Controlled Rectifiers 


2N2573 thru 2N2579 l = 25 A RMS 


Vrom = 25-500 V 


Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 


CASE 61 
(TO-41) 


MAXIMUM RATINGS (T, = 125°C unless otherwise noted) 


Peak Reverse Voltage* 
2N2573 
2N2574 
2N2575 
2N2576 
2N2577 
2N2578 
2N2579 


Forward Current RMS 
(All Conduction Angles) 


Peak Surge Current (one cycle, 60 cps) 


(T, = -65 to +125°C) 


Circuit Fusing Considerations 
(Ty = -65° to +125°C; £8.3 msec) 


Peak Gate Power 
Average Gate Power 
Peak Gate Current 


Peak Gate Voltage | 
Forward 
Reverse 

Storage Temperature 


* Vrom for all types can be applied on a continuous DC basis without incurring damage. 
VRoM ratings apply for zero or negative gate voltage. 


Motorola Silicon Controlled Rectifiers 


2N2573 thru 2N2579 (continued) 


ELECTRICAL CHARACTERISTICS (T, = 125°C unless otherwise noted) 


Forward Breakover Voltage 
(Ty = 125°C) 


2N2573 
2N2574 
2N2575 
2N2576 
2N2577 
2N2578 
2N2579 


Forward Leakage Current 

(@ Rated VBo with Gate Open) 
(Ty = 25°C) 
(Ty = 125°C) 


Reverse Leakage Current 

(@ Rated PRV) 
(Ty = 25°C) 
(Ty = 125°C) 


Forward Voltage Drop (Ty = 125°C) 
(16 A Full Cycle Average, 

180” Conduction Angle) 
(25 Amps DC) 


Gate Firing Voltage 
(Continuous DC) 


(Ty = 25°C) 
(Ty = 125°C) 


Holding Current 
Forward Voltage Application Rate dv/dt 


—— Motorola Silicon Controlled Rectifiers 


2N2573 thru 2N2579 (continued) 


2.0 


MAXIMUM 
ALLOWABLE 
lg = 2 AMPS. 


GATE FIRING CHARACTERISTICS 


3.5 VOLTS MAXIMUM ALLOWABLE 


MINIMUM GATE POWER 
10-7 | acquineo 10 FIRE iiaeks ta 
MAXIMUM ALLOWABLE NON-RECURRENT ST UNite 
= SURGE CURRENT > | 
Mt <i o 
4 a ~ 
= 300 a <a ; AS A FIRING CIRCUIT DESIGN CRITERIA 
= 95 AMPS RMS uu ex + ALL UNITS WILL FIRE AT ANY VOLTAGE 
= T,=-65 10 + 125°C] = 92 Sze | AND CURRENT WITHIN THIS AREA 
& 250 s =o 
> gl Fe ee) l 40 mA MINIMUM 
3 Si z= | GATE CURRENT REQUIRED 
& oun. o 4 | TO FIRE ALL UNITS 
< lad on Ff : 
z a < = | (125°C — 25 mA) 
2 200 — af l (—65°C — 80 ma) 
w  .05 
| Mie NR 
“a 
s 02 @ TYPICAL TRIGGER POINT MAXIMUM ALLOWABLE ee 
= GATE VOLTAGE 10 VOLTS (FWD) 
x 
S 100 0001 
1 2 4 10 20 40 60 o| 4 2 3 4 6 7 8 9 10 
CYCLES AT 60 CPS 0.3 Ve,GATE VOLTAGE (VOLTS) 
(T, = 25°C —ANODE @ 6 VOLTS) 
MAXIMUM ALLOWABLE CASE TEMPERATURE 
LOW CURRENT LEVEL 
125 100 
120 
50 
oe 0° 180° 
110 *CONDUCTION si 


ANGLE 


co wo wo 
oa Oo om 


oo 
—) 


INSTANTANEOUS FORWARD CURRENT (AMPERES) 


— 

t 

{ 

t 
nN 
ow 
°o 
o 


Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


a 
oO wo 


io2 
nn 


AVERAGE FORWARD CURRENT (AMPERES) 


MAXIMUM TRANSIENT THERMAL RESISTANCE 
JUNCTION TO CASE 


EQUALS 125°C (MAX. T,) 

MINUS MEASURED CASE TEMP., 
0.4 DIVIDED BY THE TRANSIENT 
' THERMAL RESISTANCE. 


1.6 
1.4 

= 1.2 = 
. 
wy = 
q i. = 
a oO 
5 CURVE DEFINES TEMP. RISE & 
ta OF JUNCTION ABOVE CASE a 
* 0.8 FOR SINGLE LOAD PULSE OF A 
= DURATION t. = 
o PEAK ALLOWABLE DISSIPATION rer 
= 06 IN RECTIFIER FOR TIME t = 
Leo a. 
& 7 
a rg 
=z 

< 

= 

y 

dS 


Ty (max) — Te 


° 


01 002 005 OL 02 05 0.1 0.2 05 1.0 
t, TIME (sec) 


| JUNCTION TEMPERATURE 
125°C 


0.0 0.5 1.0 1.5 2.0 2. 
INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 


5 


POWER DERATING CURVE 


30 
28 
MAXIMUM POWER DISSIPATION 
26 WITH UNIT MOUNTED 
ON THE MS-10 HEAT SINK 
24 USING DC4* AND FREE 


CONVECTION COOLING 
ASSUMING MAXIMUM FORWARD 
DROP AND @,, = 1.5°C/W, 
Ocs = 0.2°C/W AND 6s, = 3.0°C/W 


*DC4 IS DOW CORNING NO. 4 
SILICONE LUBRICANT 


i i ie 
FG a Ha a 


0 10 20 30 40 50 60 70 80 90 100 110 120 130 
Ta, AMBIENT TEMPERATURE (°C) 


Motorola Silicon Controlled Rectifiers 


McR049-1 thru McrR649-7 |, = 20 A RMS 


Vrom = 25-500 V 


Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 


CASE 61 
(TO-41) 


MAXIMUM RATINGS (Tz: = 100°C unless otherwise noted) 


Peak Reverse Voltage * 
MCR649-1 


Forward Current RMS 
(All Conduction Angles) 


Peak Surge Current (full cycle, 60 cps) 
(T, = -40 to +100°C) | 


Circuit Fusing Considerations 
(T, ~ -40 to+ 100°C; = 8.3 msec) 


Peak Gate Voltage Volts 
. Forward 
Reverse ; 
Storage Temperature | tee -40 to +150 f 
Operating Temperature — -40 to +100 pe 


*Vrom for all types can be applied ona continuous DC basis without incurring damage. 


Vrom ratings apply for zero or negative gate voltage. 
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Motorola Silicon Controlled Rectifiers 


MCR649-1 thru MCR649-7 (continued) 


ELECTRICAL CHARACTERISTICS (At Ts = 25°C unless otherwise noted ) 


a ee Ooo 


a 


Forward Breakover Voltage VFOM 
(T 


52 100°C) 
MCR649-1 


Forward Leakage Current mA 
(@ Rated Vo With Gate Open) 
(T, = 25°C) 2 
(T = 100°C) ) 
Reverse Leakage Current mA 
(@ Rated PRV) 
(Ty 2 25°C) 2 
(T, - 100°C) 5 


Forward Voltage Drop(Ty = 100°C) 
(13 A Full Cycle Average, 
180 Conduction Angle) 
(20 Amps DC) 


Gate Firing Current lor mA 
(Continuous DC) | 30 


Gate Firing Voltage 
(Continuous DC) 


= 25°C) 
(T, = 100°C) 


Roane Convent SSC*dPCg | =P OT 


Forward Voltage Application Rate dv/dt V/ psec 
(Roc = 27 2) 
MCR649-1 thru MCR649-4 10 
(25 V - 200 V) 
MCR649-5 thru MCR649-7 
(300 V - 500 V) 30 


a 


(T, 
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Motorola Silicon Controlled Rectifiers ——— 


MCR649-1 thru MCR649-7 (continued) MOxIUM GATE FIRING CHARACTERISTICS 


ALLOWABLE 
lg = 2 AMPS. 


2.0 


3.5 VOLTS MAXIMUM ALLOWABLE 


MAXIMUM ALLOWABLE NON-RECURRENT MINIMUM GATE pues 
7 GATE VOLTAGE P, = 5 WAT 
SURGE CURRENT REQUIRED TO FIRE 

an ALL UNITS 
tad 
ce ee | 
a ul | 
= B eS. 
at ” 
= ts ax | AS A FIRING CIRCUIT DESIGN CRITERIA 
a = pe | ALL UNITS WILL FIRE AT ANY VOLTAGE 
5 S024/3=55 | AND CURRENT WITHIN THIS AREA 
2 5 SES 
2 ia nz | 
= = Sb il 
a oO 0.1 i] or {_ 
: Se || ee yee orice ~~ 
= 3 TYPICAL TRIGGER PoINT = -08 AMPERES MINIMUM 
= 3 05 ° GATE CURRENT REQUIRED 
wy a TO FIRE ALL UNITS 
5 APPROXIMATELY (100°C — 50 mA) 
be 95% OF UNITS (—40°C — 150 mA) 
= WILL FIRE 
= 02 WITHIN THIS MAXIMUM ALLOWABLE 
is AREA GATE VOLTAGE 10 VOLTS (FWD) 
a, 


CYCLES AT 60 CPS 4 5 6 7 8 9 10 
03 Ve,GATE VOLTAGE (VOLTS) 
_ . (T, = 25°C —ANODE @ 6 VOLTS) 
LOW CURRENT LEVEL MAXIMUM ALLOWABLE CASE TEMPERATURE 
, SEE 

a a \ 
r= w 
: : ANGE 
= = 90 \\ WA 
< [- 4 N 
: : ANN 
a 7 = *30° \ 
& r 85 SAN Ne 
Fs j PA \\ 
e Hae A Bl uy 
= ee oe = 80 
Geese! 5 
3 = 75 
z = 
S +t = 
= UE Ge Se G8 x< 
5 ay a ae 8 = 70 
z meee 

HE E 

ua 65 

Ha 60 

0.0 0.5 1.0 15 2.0 2.5 0 2 4 6 8 10 12 14 16 18 20 
INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) AVERAGE FORWARD CURRENT (AMPERES) 
MAXIMUM TRANSIENT THERMAL RESISTANCE . 
JUNCTION TO CASE POWER DERATING CURVE 


WITH UNIT MOUNTED 
ON THE MS-10 HEAT SINK 
USING DC4* AND FREE 
CONVECTION COOLING 


_ 
* 


CURVE DEFINES TEMP RISE OF 
JUNCTION ABOVE CASE FOR 
SINGLE LOAD PULSE OF DURA- 
TION t. PEAK ALLOWABLE DIS- 
SIPATION IN RECTIFIER FOR 
TIME t, IF STARTING FROM 
CASE TEMP., -EQUALS 100°C 
(MAX. T,) MINUS MAXIMUM 
CASE TEMP, DIVIDED BY THE 
TRANSIENT THERMAL RESIST- 
ANCE: 


2 


° 
Po, POWER DISSIPATION (WATTS) 


° 


*DC4 IS DOW CORNING NO. 4 
SILICONE LUBRICANT 


Osc, TRANSIENT THERMAL RESISTANCE (°C/W) 


© 


0 10 20 30 40 50 60 70 80 90 = 100 
t, TIME (sec) T,, AMBIENT TEMPERATURE (°C) 
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Motorola Silicon Controlled Rectifiers 


mcr? 29-5 thru mcr/ 29-10 louise = 100 Ade 


Vrom = 300-800 V 
Pulse Repetition Rates — 
to 10,000 pps 


Fast-switching, high-voltage silicon controlled rec- 
tifier especially designed and characterized for radar, 
proximity fuse, beacon and similar pulse applications. 


CASE 63 


MAXIMUM RATINGS (Ts; = 105°C unless otherwise noted) 


Characteristic 
Forward Current (continuous) 


Repetitive Pulse Current 
(10 psec pulse width) 


Peak Reverse Voltage* 
Peak Gate Power 
Average Gate Power 
Peak Gate Current 


Peak Gate Voltage Volts 
Forward and Reverse 


Operating Temperature 


Storage Temperature 
Stud Torque | 


* Characterized for unilateral applications where reverse blocking capability 


is not important. Higher Vrom rated units available on request. 
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Motorola Silicon Controlled Rectifiers 


MCR729-5 thru MCR729-10 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 105°C unless otherwise noted) 


Characteristic 


Forward Breakover Voltage* 
MCR1729-5 
-6 


| Forward Leakage Current 
(Rated Veo with gate open) 


Gate Firing Current 
(T, =.20 C) 


Gate Firing Voltage 
(T, = 25°C) 


Forward Voltage Drop 
(2 Adc, Ta, = 25°C) 


Turn-On Time (ty + t .) 


(I, = 200 mA, Ty =25°C) 
pulse = 30 amps 
= 100 amps 


Turn-On Time Variation 
(T, = +25°C to +105°C and 


+25°C to -65°C) 


Recovery Time (forward) 


ll uige = 30 amps, I peverse = Oe 


(Inductive charging circuit) 


Turn-Off Time (Conventional) 


(I = 2 amps, I = 10 amps, 


Eo ie 


tort usec 
= 25°C) 


Forward Voltage Application Rate dv/dt ps0 |- | -  |v/usee 
Drop-Out (Holding) Current mA 
(T A* 25°C) 
sc [= | [+ ow | 


reverse 


Thermal Resistance 


@ 


* Other voltage units available upon request. 
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Motorola Silicon Controlled Rectifiers 


mcr8Q8 series | ies Bann Vv 
mcRI 308 series 


GY Low-cost, silicon controlled rectifiers available in 
) Wp two package styles and reverse polarity for versatile, 


y% 


\ economical, general-purpose applications. 


CASE 68 CASE 62 


MAXIMUM RATINGS (at Ts = 100°C unless otherwise noted ) 


Peak Reverse Voltage* 


MCR808 
MCR808R -3 
MCR1308 ~4 
MCR1308R_ | -5 


-6 
Forward Current RMS 
(All Conduction Angles) 


Peak Surge Current (one cycle, 60 cps) 
(Tz = -40 to +100°C) 


Circuit Fusing Considerations 
(Ty = -40 to +100°C; 8.3 msec) 


Peak Gate Power PGM 
Average Gate Power PG(av) 
Peak Forward Gate Current 


Peak Gate Voltage 
Forward 
Reverse 


Storage Temperature Range 40 to +150 


*VROoM rep for all types can be applied on a continuous DC basis without 
incurring / er Ratings apply for zero or negative gate voltage. 
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Motorola Silicon Controlled Rectifiers 


MCR808, MCR1308 (continued) 


ELECTR I CAL CHARACTER I ST! CS (Ts = 25°C unless otherwise noted) 
 eharacterstic SL Symto—Tin «Tt Max [Ut 


Peak Forward Blocking Voltage * 
(Tz = 100' OC) 
MCR808 
MCR808R 
MCR1308 
MCR1308R — 


Peak Forward Blocking Current 
(Rated Veox, with gate open, T, = geesidi 


Peak Reverse Blocking Current 
(Rated Vpoy, Gate open, Ty = 100°C) 


Forward On Voltage 
‘(18 Adc, Ty = 100°C) 


Gate Firing Voltage (Continuous DC) 
(Anode Voltage = 7V, Ry = 502) 
(Anode Voltage = 7 V, Ry, = 502, Ty = 100°C) 


Holding Current 
(Anode Voltage = 7 V, gate open) 


Turn-On Time 
(Ip = 18 Adc, Igy = 50 mAdc) 


Turn-Off Time 
(Ip = 10 A, Ip = 10 A) 
(Ip = 10 A, Ip = 10 A, T; = 100°C) 


Forward Voltage Application Rate . dv/dt V/psec 
(Tz = 100°C) 
Thermal Resistance MCR808 and MCR808R 9 IC 1.0 1.6 °C/w 
MCR1308 and MCR1308R 1.4 2.0 


*Vrom for all types can be applied on a continuous DC basis without incurring damage. Ratings apply for zero or negative gate. voltage. 


PRESS IN MOUNTING 
HEAT SINK MOUNTING 


1. Heat Sink Hole — To provide good SCR heat sink surface con- 


: : Typical Thermal 
tact, the diameter of the heat sink hole should be 0.499 +.001 


Resistance, Case 


inch. The edge of the hole into which the SCR will be pressed to Sink 6, = 1° C/W a fares 
should be slightly beveled to aid in starting and to prevent ae R ngak GF 
shearing off of the package knurl. The depth and width of this tA | 88 
beveled break should be 0.010 nominal (see Figure 14). ie See ou 
al (see Fig EN Y//1/// a IE 
2. Hardness of Heat Sink Material — If the SCR is pressed into eats aa 


a heat sink material which is harder than the case of the SCR, 
degradation of voltage characteristics can occur because of 
stresses placed on the package and consequently on the silicon 
die inside. Therefore, the following hardnesses for the heat sink 
material are recommended : _ 
Copper — less than 50 on the Rockwell F scale THIN-CHASSIS MOUNTING 
(the MCR808 case is 50 or greater) 
Aluminum — less than 65 on the Brinell scale. 


3. Press-In Force — The recommended press-in force is between ra ok HEAT SINK PLATE 
250 and 1000 pounds per square inch. It is extremely im- srk 
portant that this force be applied only to the external annular imate 
ring portion of the device. If pressure is applied to the glass- THIN CHASSIS 


to-metal seal portion of the device, stresses can result which 
crack the glass and/or break the hermetic seal. 
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—— Motorola Silicon Controlled Rectifiers 


MCR808, MCR1308 (continued) 


TYPICAL HOLDING CURRENT versus TEMPERATURE 


MAXIMUM ALLOWABLE 


GATE TRIGGER CHARACTERISTICS 


MAXIMUM 
ALLOWABLE 
lew = 2 AMPS 


0.2 


GATE OPEN 


o 
n=) 
> 
~ 

l| 
lat 
oO 
<x 
me 
— 
Oo 
> 
ta 
(=) 
oO 
z 
<x 
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5 WATTS 


GATE POWER 


Pom 


(20001 + OL OV— = "1) Wau SIHL 
NIHLIM LNIOd ANY LV 3414 TIM SLINN ON 


= *CONDUCTION ANGLE 


T,, AMBIENT TEMPERATURE (°C) 
MCR808, R SERIES 
HALF WAVE 
SeEREaRS 


GATE VOLTAGE 10 VOLTS 


TO FIRE ALL UNITS 
MAXIMUM ALLOWABLE FORWARD 


5 


Vg, GATE VOLTAGE (VOLTS) 
(Ty, = 25°C — ANODE @ 7 VOLTS) 


Zw 

ido] 
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eo 
o> 
za_> 
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50 mA GATE CURRENT REQUIRED 


1.5 VOLTS GATE VOLTAGE 
4 


REQUIRED TO FIRE ALL UNITS 
FORWARD CONDUCTION CHARACTERISTICS 


TYPICAL TRIGGER POINT 


02 
0001+ 
0.3 


(SdWY) LNJYYND wI99INL FLVd ‘° 


> 


| ttt | tT foe! 
6 8 10 12 14 
Ie avy, AVERAGE FORWARD CURRENT (AMPS) 


4 


MCR1308, R SERIES 
HALF WAVE 


NUL 
INS : 
(SSE 


MAXIMUM VALUES 


TYPICAL VALUES 


N ae 


(SdWY) LN3YYND GYVMYOd SNOINVINVISNI ‘4! 


100°C 
25°C 
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— he Ty 


(95) JUNLVYIdWIL FSV JIGVMOTTY WAWIXY ‘1 
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Ve, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 


Ieyavy, AVERAGE FORWARD CURRENT (AMPS) 
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Motorola Silicon Controlled Rectifiers 


. | =2A RMS 
mcro46 series Vrom = 25-200 V 


Silicon controlled rectifiers for low-power switching 
and control applications requiring blocking to 200 volts 
and load currents to 2 amps. 


CASE 63 


MAXIMUM RATINGS (Ts = 105°C unless otherwise noted) 


Peak Reverse Voltage 
MCR suite -1 


RMS Forward Current 


Peak Surge Current (one cycle, I 

60 cps, T, = -65 to +105°C) EM Keuree) 
Circuit Fusing Considerations — 
Average Gate Power a 
Peak Gate Voltage (forward Volts 

and reverse) 
Lene | Temperature se Te -65 to +150 


Operating Temperature -65 to +105 sane Sead 


ee 
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Motorola Silicon Controlled Rectifiers 


MCR846 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 105°C unless otherwise noted) 


Forward Breakover 
Voltage 
MCR 846 - 1 
- 2 
- 3 


Forward Leakage Current 
Reverse Leakage Current 


Forward Voltage Drop 


To = 25°C, I, = 2 amp DC 


Gate Firing Current 
T= 25°C 
J 
Gate Firing Voltage 
T; = 29°C 


Holding Current 


Turn On Time(TC = 25°C) 
(if = 2 amps DC): 


(T. = 25°C) 
Turn Off Time(I; = 2 amps) 
(I, = 10 amps) 
Forward Voltage Application dv/dt 
Rate 
Thermal Resistance | re 


mcr9 I 4 series 


For specifications, See 2N1595 Series Data Sheet 


mcr | 304 series 
mcr 305 series 


mcr I 604 series 
McRI 605 series 


For Specifications, See MCR2304 Series Data Sheet 
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Motorola Silicon Controlled Rectifiers ——— 


mcr1718-5 thru mcr1718-8 = acco 
Ir = 25 A RMS 


Fast-switching, high-voltage silicon controlled rec- 
tifiers for pulse modulator applications requiring block- 
ing to 600 volts and repetitive pulse currents to 1000 
amps. 


CASE 63 


MAXIMUM RATINGS (Ts = 125°C unless otherwise noted) 


Peak Reverse Blocking Voltage* 
MCR1718-5 
-6 

-7 

. 8 


Transient Peak Reverse Blocking 
Voltage {non-recurrent 5 msec 
max duration) 

MCR1718-5 
-6 
-7 


Peak Repetitive Pulse Current: 
(1-10 microsec pulse width) 
Dynamic gba Power Dissipation Pr (AV) 30 Watts 
(At ft. 65°C) 


sa Fusing Coasiderutions: 
= ~65 to +125°C; P.W. <1.0 msec) 


Peak Gate Power 20 
Peak Forward Gate Current 


Peak Gate Voltage - Forward 


=o cn 


- Reverse 


Operating Junction Temp. Range 


+150 


5-30 


—— Motorola Silicon Controlled Rectifiers 


MCR1718-5 thru MCR1718-8 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


Peak Forward Blocking Voltage* 
T = 125°C MCR1718-5 
-6 

-7 

-8 


Peak Forward Blocking Current 
(Rated Vrom? T j = 125°C, Gate Open) 


Peak Reverse Blocking Current 
(Rated VRom? uP = 125°C, Gate Open) 


Gate Trigger Current (continuous DC) 
(Anode Voltage = 7Vdc, Ry = 50 92) 


Gate Trigger Voltage (continous DC) 
(Anode Voltage = 7Vdc, R, = 502, 
T, = 25°C) 

(Anode Voltage = 7Vdc, R, = 502, 


L 
= 125°C) 


Turn-on Forward Voltage Drop 


(lan = 500 mA, Tulse = 500 amps) 


1.0 psec after start (10% pt. ) of I pulse 
5.0 psec after start (10% pt.) of I puise 


Recovery Time (Forward) ties usec 
(Laulse = 500 amps, Twenge = 10 amps) 20 
(Inductive charging circuit - circuit 
dependent) 


Forward Voltage Application Rate dv/dt 100 V/ wsec 
(Gate Open, T; = 125°C) 


ae ee 


Gate Open; T = 25°C 


Gate Open; T; = 125°C 
* V and V 


FOM ROM(rep) 


for all types can be applied on a continuous DC basis without incurring damage. 


Ratings apply for zero or negative gate voltage. 
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Motorola Silicon Controlled Rectifiers 


mcr1 907-1 thru mcr 1907-6 I, = 25 A RMS 


Vrom = 25-400 V 


Fast turn-on, fast turn-off silicon controlled recti- 
fiers for high-frequency applications requiring block- 
ing to 400 volts and load currents to 25 amps. 


CASE 64 
(TO-48) 


MAXIMUM RATINGS. (Ts = 125°C unless otherwise noted) 


Peak Reverse Blocking Voltage* VRoM(r ep)” Volts 
MCR1907-1 25 
MCR1907-2 50 
MCR1907-3 100 
MCR1907-4 200 
MCR1907-5 300 
MCRI1907-6 400 
Peak Reverse Blocking Voltage 
(non-recurrent, 5 msec max. VROM(non-rep) Volts 
duration) 
MCR1907-1 35 
MCR1907 -2 75 
MCR1907-3 150 
MCR1907-4 300 
MCR1907-5 400 
MCR1907-6 500 
Forward Current RMS I¢ 25 Amps 
(All Conduction Angles) 
Peak Surge Current (one cycle, 60 cps) IroM(surge 150 Amps 
(Ty = -65 to +125°C) ceuree) 
Circuit Fusing Considerations 1 A2sec 
(Ty = -65 to +125°C: t S 8.3 msec) 15 
Peak Gate Power PGM 3) Watts 
Average Gate Power PG(av) 0.5 Watts 
Peak Gate Current IGFM 2 Amps 
Peak Gate Voltage: Forward VGFM 10 Volts 
Reverse VGRM 5 
Operating Temperature Ty -65 to+125 ss © 
Storage Temperature T stg ~65 to+150 7c 


*VROM(rep) for all types can be applied on a continuous DC basis without incurring 
damage. Ratings apply for zero or negative gate voltage. 


CURRENT DERATING 


Tc. MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


teravy AVERAGE FORWARD CURRENT (AMPERES) 
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Motorola Silicon Controlled Rectifiers 


MCR1907-1 thru MCR1907-6 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 125°C unless otherwise noted) 


Peak Forward Blocking Voltage* MCRI1907-1 Volts 
MCR1907-2 
MCR1907-3 
MCR1907-4 
MCRI1907-5 
MCR1907-6 
Peak Forward or Reverse Blocking Current [| o— [| 4 | ma | 
Forward On Voltage Volts 
(Ip = 20 Adc, Tc = 25°C) 1.7 
Gate Trigger Current (Continuous DC) mA 
(Anode Voltage = 7 Vdc, Ry, = 50 ohms, Ty = 25°C) 15 
Gate Trigger Voltage (Continuous DC) Volts 
(Anode Voltage = 7 Vdc, Ry, = 50 ohms, Ty = 25°C) — 1.5 
(Anode Voltage = 7 Vdc, Ry, = 50 ohms, Ty = 125°C) age = 
rrent mA 
12 
Turn-On Time - ton psec 
(Ip = 10 A, Ig = 200 mA, Ty = 25°C) 
Turn-Off Time (Figure 3) usec 
(Ip = 10 A, Ip = 10 A, dv/dt = 30 V/ysec min) 12 
VrxM = rated voltage 
VRxM = rated voltage 
Forward Voltage Application Rate dv/dt i V/usec 
Thermal Resistance, Junction to Case 95C aw a ae eee °C/W 


*V ron for all types can be applied on a continuous DC basis without incurring damage. Ratings apply for zero or negative gate voltage. 
These devices should never be tested with a constant current source for forward or reverse blocking capability such that the voltage 
applied exceeds the rated blocking voitage. 


TURN-OFF TIME TEST CIRCUIT TYPICAL TURN-OFF TIME vesus 
PEAK FORWARD CURRENT AND JUNCTION TEMPERATURE 


SCR, 
CONTROL SCR, 


CIRCUITRY 


SCR; 
TEST UNIT p= 10A 
dv/dt = 30 V/ sec min 


(SELECTED 


p, RECOVERY DIODE) 
O SCOPE (VOLTAGE) 


+ 
FORWARD 
é CURRENT 7 
ee 
RATE OF RISE oe 
| eet anne 


110V 
60 CPS 


TEST UNIT 
SCOPE (GROUND) 


REVERSE 
ie 
SUPPLY 


S> SCR, TRIGGERED "ON" 


toss, TURN-OFF TIME (12sec) 


© SCOPE (CURRENT) 


” (NON-INDUCTIVE) 


Ty, JUNCTION TEMPERATURE (°C) 


TNE RECOVERY) 
SCR, AND TEST UNIT seat elnino ae 


TRIGGERED “ON” ' 


' 
\¢+——————_ tot ——, 
H woo 
dt 


ANODE CURRENT 
a 


ANODE VOLTAGE 
—_———  ———e = 
REVERSE FORWARD REVERSE , FORWARD 


FORWARD CHARACTERISTICS — CONDUCTING STATE 


100 


10 
SCR, TRIGGERED “ON” 


JUNCTION TEMPERATURE 
1.0 —_ Sem 125°C 
Forward conduction current is passed through the device 
(SCR, and test device triggered on). The anode is then 
driven negative (SCR, triggered on), causing reverse current 
to flow. The anode-to-cathode potential goes negative with 
a decrease in reverse current. Forward voltage is then ap- 
plied to the anode of the device (SCR; triggered on). The 
device has fully recovered when it regains its ability to block 
the reapplied forward voltage. 


T Consult manufacturer for further circuit information. 


0.1 


ig, INSTANTANEOUS FORWARD CURRENT (AMPERES) 


ve, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 
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Motorola Silicon Controlled Rectifiers 


MCR2Z3OA series meer ee V 
MCR2 305 series 
MCR2O00A series 
MCRZ6005 series 


Silicon controlled rectifiers for applications requir- 
eB ing current up to 8 amperes with blocking voltages up to 


Fe 


a \" 400 volts. Available ina variety of economical packages 
MCR2304 MCR2305 | \ : for mounting versatility, and in both forward (anode-to- 
CASE 85 CASE 86 case) connection and reverse (cathode-to-case) connec- 


tion. (normally anode connected to case. For cathode- 

to-case connection, add suffix ''R" to type number.) Also - 
available in flying lead ('L' suffix) and pin ('P' suffix) 

versions. 


MCR2604 MCR2605 
CASE 87 CASE 88 


Note: MCR1304, R; MCR1305, R; MCR1604, R; MCR1605, R series are electrically identical to the equiv- 
alent “‘2000” series, but are mounted in cases 65, 69, and 68 respectively. 


MAXIMUM RATINGS (Ts; = 100°C unless otherwise noted) 


MCR2304, MCR2304R 
MCR2305, MCR2305R 
MCR2604, MCR2604R 
MCR2605, MCR2605R 


| -6 
Forward Current RMS I _ Amps 
(All Conduction Angles) 


Peak Surge Forward Current 
(One cycle, 60 cps) 
(Ty = -40 to +100°C) 
Forward Polarity 
Reverse Polarity 


Circuit Fusing Considerations 
(Tz = -40+100°C; t = 8.3 msec) 
Forward Polarity 
Reverse Polarity 


Peak Gate Power 
Average Gate Power 
Peak Forward Gate Current 


Peak Gate Voltage 
Forward 
Reverse 


Operating Temperature Range 
Storage Temperature Range 


Stud Torque (MCR1305, MCR1305R series) 


*VROM(r e for all types can be applied on a continuous DC basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 


These devices should never be tested with a constant current source for forward or reverse 
blocking capability such that the voltage applied exceeds the rated blocking voltage. 
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Motorola Silicon Controlled Rectifiers 


MC2304, MCR2305, MCR2604, MCR2605 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 125°C unless otherwise noted) 


Peak Forward Blocking Voltage* 
(Ty = 100°C) 
MCR2304, MCR2304R 
MCR2305, MCR2305R 
MCR2604, MCR2604R 
MCR2605, MCR2605R 


Peak Forward Blocking Current 
(Rated Voy @ Ts = 100°C, gate open) 


Peak Reverse Blocking Current 
(Rated Vpom @ T 57 100°C, gate open) 


Forward On Voltage 
(Ip = § Adc) 


Gate Trigger Current (Continuous DC) 
(Anode Voltage = 7 Vdc, Ry = 1002) 


Gate Trigger Voltage (Continuous DC) 
(Anode Voltage = 7 Vdc, Ry, = 1002) 
(Anode Voltage = 7 Vdc, Ry, = 1002, Ty = 100°C) 


Holding Current 
(Anode Voltage = 7 Vdc, gate open) 


Turn-On Time 
(Ip = 5 Adc, Igq7 = 20 mAdc) 


Turn-Off Time 
(Ip = 5 Adc, Ip = 5 Adc) 
(Ip = 5 Ade, Ip = 5 Adc, Ty = 100°C) 


Forward Voltage Application Rate 
(T; = 100°C) 


Thermal Resistance, Junction to Case 


MCR2304, MCR2604, MCR2605 
MCR2304R, MCR2604R, MCR2605R 
MCR2305 

MCR2305R 


Thermal Resistance, Case to Ambient 
MCR2304, MCR2604, MCR2605 and reverse polarity units. 


*V rom for all types can be applied on a continuous DC basis without incurring damage. Ratings apply for zero or negative gate voltage. 
These devices should never be tested with a constant current source for forward or reverse blocking capability such that the voltage 
applied exceeds the rated blocking voltage. 


MAXIMUM ALLOWABLE NON-RECURRENT 
SURGE CURRENT 


Waa Rae RATED LOAD CONDITIONS | 
NRT 

SAAC setae 
SESS TOT 
TARTS RET 
a 


100 
90 


80 


70 


60 


90 
40 


30 


20 


PEAK HALF SINE WAVE FORWARD CURRENT (AMPS) 
To, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


ested aU oO HIE de anon 
0 
1.0 2.0 4.0 6.0 8.010 . 20 40 60 
CYCLES AT 60 CYCLES PER SECOND Irtavy, AVERAGE FORWARD CURRENT (AMPS) 


*Heat sink sufticient to maintain allowable case temperature for 180° 
conduction angle during normal operation. 
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Motorola Silicon Controlled Rectifiers 


MC2304, MCR2305, MCR2604, MCR2605 (continued) 


FORWARD CONDUCTING CHARACTERISTICS 
(ALL TYPES) 


ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 


Vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


GATE TRIGGER CHARACTERISTICS 


L 


MAXIMUM ALLOWABLE FORWARD GATE CURRENT 
lorm =: 2AMPS 


MAXIMUM ALLOWABLE 
wei GATE POWER 
Pom = SWATTS 


2.0 


MN 1.5 VOLTS 


| __ GATE VOLTAGE 


0.7 z REQUIRED TO TRIGGER 
=s | ALL UNITS 

0.5 =e 
ae 
Bz | 

03 a 
3ze 

oo —HlE= | | 

22 >| AS A TRIGGER CIRCUIT DESIGN CRITERIA 

Zor ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
= AND CURRENT WITHIN THIS AREA 


ig, GATE CURRENT (AMPS) 


TYPICAL 
TRIGGER 
+ POINT 


3 


20mA GATE CURRENT REQUIRED 


/ TO TRIGGER ALL UNITS 


MAXIMUM ALLOWABLE FORWARD 
GATE VOLTAGE 10 VOLTS 


0001 


4 K) 6 7 


Vg, GATE VOLTAGE (VOLTS) 
(Ty = 25°C — ANODE @ 7 VOLTS) 


TYPICAL GATE TRIGGER CURRENT 
versus TEMPERATURE 


ANODE VOLTAGE = 7 Vdc 
R, = 1002 


ler. GATE TRIGGER CURRENT (mA) 


Ty, JUNCTION TEMPERATURE (°C) 


TYPICAL HOLDING CURRENT 
versus TEMPERATURE 


luo» HOLDING CURRENT (mA) 


T,, JUNCTION TEMPERATURE (°C) 


5-36 


—— Motorola Gate Controlled Switches ——— 


mocs62 1-1 thru mecs82 1-6 yay 


Silicon gate controlled switches for switching and 
controlapplications requiring a bistable switch that can 
be turned off as well as on by a gate signal. 


CASE 61 
(TO-41) 


MAXIMUM RATINGS (Ts = 105°C unless otherwise specified) 


a 
Peak Reverse Voltage V Volts 

(Note 1) ROM 

MGCS 821 -1 25 
-2 50 
- 3 100 
-~4 200 
- 5 300 
- & 400 


Forward Current 
@ To= 80°C (see Figure 1) 


Amps 


Peak Surge Current 
(One cycle, 60 cps, T; = 


-40°C to +105°C) 


Circuit Fusing Considerations rt 
(t < 8.3 msec) 


Peak Gate Power 
Forward 


lsurge) Amps 


— 
hy 
LEE 


jon) 
on 


Amp sec 


Watts 


Reverse 40 


Average Gate Power Watts 


Forward 


Reverse 


Peak Gate Current 
Forward 


Amps 
Reverse 
-40 to +150 


Storage Temperature 


-40 to +105 


n 
pire 
g 


4c) 
7) 
3] 
— 
joo) 
iO 


Operating Temperature 


; 


Motorola Gate Controlled Switches ——— 


MGCS821 series (continued) 
ELECTRICAL CHARACTERISTICS (Ts = 105°C unless otherwise noted) 


Characteristic nl ball Typical 


Forward Breakover Voltage = 
MGCS 821 - 1 | 


Controllable Anode Amps | 
Current (see Figure 2) 

Forward Blocking Current I5omM ma DC 
(@ rated VE0) 


Reverse Blocking Current Ipom 1 H) ma 
(@ rated PRV) 


Forward Voltage Drop Ve Ls 0 2.0 V 
@ I, = 5 amps DC, 
T c= 25°C 


Gate Turn On (Trigger) Current 100 ma 
@ T; = 25°C 


@T, = 105°C 30 


Gate Turn On (Trigger) Voltage me) V 
@ T; = 25°C 


@ T; = 105°C 


Gate Turn Off Current 
25-200 volt units 
300-400 volt units 
@ I, = 5 amp DC, 


T; = -40°C to +105°C 


ma 
amp 


Pulse Width = 200 usec 


(See 
Note 4) 


Gate Turn Off Voltage V -10 V 
@ I, = 5 amp DC, GQ 
T, = -40°C to +105°C 
Pulse Width = 200 usec 


Rise Time (@ To = 25°C, 


I, = 5 amp DC, lor = 100 ma) 


Fall Time @ turn off conditions 
listed above 


Thermal Resistance 


Holding Current @ To = 25°C =a 
Rate of Applied Forward Voltage dv/dt 
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MGCS821 series (continued) 


CURRENT RATING 


I, (AMPS DC) 


0 
-40 -20 0 20 40 60 80 100 110 120 
CASE TEMPERATURE (TQ) - 9C 


LOW LEVEL ON VOLTAGE 


INSTANTANEOUS FORWARD 
CURRENT (AMPS) 


0 1 2 3 4 
MAX. INSTANTANEOUS ON VOLTAGE (VOLTS) 


TURN OFF GAIN CHANGE 


Vac AND To CONSTANT 


40 


60 


% GAIN CHANGE 


80 


100 


0 1 2 3 4 4) 
FORWARD CURRENT - I (AMPS 


Motorola Gate Controlled Switches 


SWITCHING LOAD LINES 


ALL UNITS MAY BE 
SWITCHED WITHIN 


THIS AREA 


RATED Va0 OF 


PARTICULAR 
MGCS 821 


Ip (AMPS DC OR PEAK) 


FORWARD BLOCKING VOLTAGE (VOLTS) 


TURN OFF GAIN CHANGE 


(FORWARD CURRENT AND 
ANODE VOLTAGE CONSTAN'S) 


% GAIN CHANGE 


JUNCTION TEMPERATURE (°C) 


TYPICAL TURN OFF TIME 


CT 


NAY 
oP I, AND T,. CONSTANT 


es i 
TYPICAL MGCS 821-4 


ee 
EN TET 
& 


50 100 150 200 250 300 
ANODE VOLTAGE - Vac (VOLTS) 


20 


40 


60 


% GAIN CHANGE 


80 


100 


0 
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Motorola Gate Controlled Switches 


MGCS821 series (continued) 


NOTES: 
1, Units for DC applications (Veom only) available on special request. 
2. Higher current units available on special request. 


3. In addition to the gate to cathode resistor (Rqc), performance may be 
enhanced in certain applications be the use of an anode to cathode 
capacitor (Cac). 


4, (See gate turn off current) Typical units can be turned off with much 
lower level gate pulses (i.e. , exhibit much higher gain), however, the 
values specified are recommended for safe area operation in accordance 
with figure 2. Recommended turn off gains (iF ) for various switching 


GO 
a. Switching from 3-5 amps to 200 volts or less -10 max. 
b. Switching from 3-5 amps to 200 volts or more - 3 max. 
c. Switching from 2-3 amps - 6 max. 
d. Switching from less than 2 amps - 4 max. 


TYPICAL TURN OFF TIME 


i) 

isa] 

i¢p} 

& ca 

fx 

S 

—_ 

2 1 

fry | 

fo, 1 

o ' 

Z, \ 

s 

io L. =0 
0 50 100 150 200 250 300 350 400 : C=2uf | t | 

SUPPLY VOLTAGE (Eg) - VOLTS OFF 
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Motorola Gate Controlled Switches 


mocs924-1 thru mocs924-6 Coe ae 


mocs925-1 thru mocs925-6 Vrom = 15-400 V 


Silicon gate controlled switches for switching and 
controlapplications requiring abistable switch that can 
be turned off as well as on by a gate signal. 


CASE 61 
(TO-41) 


MAXIMUM RATINGS (Ts = 105°C unless otherwise noted) 


Peak Reverse Voltage 
MGCS 924 (All Units) 
MGCS 925 - 1 


Forward Current Le 
@ T, = 80°C 
(see Figure 1) 
Peak Surge Current I 
(One cycle, 60 cps, (surge) 
qT = -40°C to +105°C) 
It 


Circuit Fusing Considera- 
tions (t < 8.3 msec) 


Peak Gate Power 

Forward Por 

Reverse Pp GR 
=r 


Average Gate Power 
Forward 


Reverse 
Peak Gate Current 


Forward 


Reverse 


Storage Temperature -40 to +150 
Operating Temperature -40 to +105 
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Motorola Gate Controlled Switches ——— 


MGCS924-MGCS925 (continued) 


ELECTRICAL CHARACTERISTICS 


Forward Breakover 
Voltage (MGCS 924 & 925) 
-1 


Controllable Anode Amps | 
Current 
Forward Blocking I FOM 
Current (@ rated Vao 
Reverse Blocking 
Current (@ rated PRV) 


Forward Voltage Drop 
@I,, = 5 amps DC, 
25°C 


Gate Turn On (Trigger) 
Current 
@ T, = 25°C 


@T, = 105°C 


Gate Turn On (Trigger) 
Voltage 
@ Tj = 25°C 


@T, = 105°C 


Gate Turn Off Current 
@ I, = 5 amp DC, 


qT; = -40°C to +105°C 
Pulse Width = 200 usec 


Gate Turn Off Voltage 
@ I, = 5 amp DC, 


T, = -40°C to +105°C 
Pulse Width = 200 usec 


Rise Time(@ To = 25°C, 
I_, = 5amp DC, I,,,, = 100 ma) 


F GT 


Fall Time @ turn off conditions 
listed above 


Thermal Resistance 
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Motorola Silicon Controlled Rectifiers 


MGCS924-MGCS925 (continued) 


CURRENT RATING SWITCHING LOAD LINES 


UNITS MAY BE SWITCHED 
ALONG LOAD LINES SHOWN 
TO INDICATED VOLTAGES OR 

TO RATED FORWARD BLOCKING 
VOLTAGE, WHICHEVER IS LESS 


PASTE 
Rs 
oe ee 


0 0 
-49.-20.. 0 20 40 60 80 100 110 120 0 100 200 300 400 500 
- O 
CASE TEMPERATURE (T,) - °C FORWARD BLOCKING VOLTAGE (VOLTS) 


I, (AMPS DC) 


I (AMPS DC OR PEAK) 
w 


LOW LEVEL ON VOLTAGE TURN OFF GAIN CHANGE 


a 
os 
s 
Be a (FORWARD CURRENT AND 
es a 4 ANODE VOLTAGE CONSTANT) 
n — 
on 5 
ea] 
7, e g TYPICAL 
eB o 
E Dp 
ao Be 
& 
Mm 
q 
20 
3 -40 -20 0 20 40 60 80 100 110 120 
MAX. INSTANTANEOUS ON VOLTAGE (VOLTS) JUNCTION TEMPERATURE (°C) 
TURN OFF GAIN CHANGE TURN OFF GAIN CHANGE 
fs AND Ta CONSTANT = I, AND To CONSTANT 
e) INS 
a z, 
= < NN 
: 5 
Z, 
2 4 
2 o 
ie 0 50 100 150 200 250 300 
FORWARD CURRENT - I,, (AMPS ANODE VOLTAGE - V,, (VOLTS) 
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Motorola Silicon Controlled Rectifiers 


MGCS924-MGCS925 (continued) 


NOTES: 


1. In addition to the gate to cathode resistor (RGc), performance may be 


(3) 
| 
iv 
= 
fe 
= 
[oma 
B 
fay 
fea 
fe) 
Zz 
fe 
=) 
& 


enhanced in certain applications by the use of an anode to cathode 
capacitor (Cac). 


(Reference gate turn off current). Typical units can be turned off with 
much lower level gate pulses (i.e., exhibit higher gain), however, the 
values specified are recommended for safe area operation in accordance 
with figure 2. Recommended turn off gains CF ) for various switching 
levels are as follows: GO 


a. Switching from 3-5 amps to 150 volts or less -10 max. 
b. Switching from 2-3 amps to 300 volts or less - 6 max. 
Cc. Switching from less than 2 amps to 409 volts or less - 4 max. 


. Units with higher forward blocking voltage available on special request. 


Also, units with intermediate voltage ratings (150 volts, etc.) available 
on special request. 


TYPICAL TURN OFF TIME 


\, 
\\\ 


| 


0 50 100 150 200 250 300 350 400 C = 2yf 
SUPPLY VOLTAGE (E,) - VOLTS torr 
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MOTOROLA POWER TRANSISTORS 


6-1 


READING REFERENCES 


Factors Influencing Selection of Commercial Power Transistor Heat Sinks. 
Page 12-19 


How to get more Value out of a Power Transistor Data Sheet. Page 12-3 


Determining Maximum Reliable Load Lines for Power Transistors. Page 12-13 


e For devices meeting military specifications, see page 1-18. 


e For Meg-A-Life devices with certified reliability, see page 1-21. 


e For case outline dimensions, see page 1-26. 


HIGH POWER TRANSISTORS 


Motorola high-power transistors include both germanium and silicon devices. 
Generally, these transistors are characterized for both amplifier and switching 
applications requiring power dissipation ratings up to 170 watts. 


APPLICATIONS SELECTION GUIDE 


The following tables list the preferred power transistors for specific appli- 
cations categories. For more detailed specifications, refer to individual speci- 
fication sheets. 


(Table I) 


Preferred Power Transistors for Audio Amplifier Applications 


(Table II) 


Preferred Power Transistors for.DC Amplifier and Series OR Shunt 
Regulator Applications 


(Tables III, IV, V) 


Preferred Transistors for Power Inverter Applications 


SELECTOR GUIDES 


TABLE | — AUDIO AMPLIFIER TRANSISTORS 


TRANSISTOR VOLTAGE RATING (BVces) 


2N3713*N 2N3713*N 2N3716*N 2N3489*N 
2N3611 | 3N3612 2N3615 2N3616 2N2141 2N2527 | 2N2528 
2N3713*N | 2N3716*N 2N2833 2N2834 
2N2832 2N2832 2N2146 2N2527 | 2N2528 
2N3617 2N3618 
2N2833 2N2834 
2N2146 2N2527 | 2N2528 
2N3492*N | 
2N2833 2N2834 
2N2528 


2N3713*N 
2N2832 
2N3617 


2N3716*N 
2N2832 
2N3618 


2N3716*N 
2N2832 
2N1547 


2N3715*N 
2N1599 


2N1548 
2N3492*N 


NOTE: ALL TRANSISTORS ARE GERMANIUM PNP UNLESS OTHERWISE NOTED 


* Silicon 
N NPN 


TABLE Ii — DC AMPLIFIERS AND SERIES OR SHUNT REGULATOR TRANSISTORS 


Vce MAXIMUM VOLTAGE AT SPECIFIED CURRENT; LIMITED BY SAFE AREA 


2N3713*N 2N2075 
2N3313 
2N2079 
3.0 2N3311 
2N2153 


NOTE: ALL TRANSISTORS ARE GERMANIUM PNP UNLESS OTHERWISE NOTED 


2N3715*N 
2N1541 
2N3312 


2N3T15*N 
2N3313 


* Silicon 
N NPN 
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TABLE Ill — LOW FREQUENCY INVERTER TRANSISTORS (60-400 CPS) 


TRANSISTOR VOLTAGE RATING (BVces) 
POWER 
2N3713*N 2N3714*N 2N3489*N 
2N3611 2N3612 2N1541 2N1542 2N1543 2N2527 2N2528 
2N3714*N 2N3714*N 2N3489*N 
100 2N1539 2N1540 2N1541 2N1542 2N1543 2N2527 2N2528 


2N3715*N 2N3716*N 2N3491*N 
2N1557 2N1558 2N1546 2N1547 2N1543 2N2527 2N2528 


TABLE IV — MEDIUM FREQUENCY INVERTER TRANSISTORS (400CPS-10 KC) 


TRANSISTOR VOLTAGE RATING (BVces) 
POWER 


2N3713*N 2N3714*N 2N3489*N 
50 | 2N2912 2N3611 2N3612 2N1551 2N1552 2N2527 2N2527 2N2528 
2N2526 . 


2N3715*N 2N3716 *N 2N3489*N 
2N2728 2N2082 2N208i 2N1551 2N1552 2N2527 2N2527 2N2528 


2N3715*N 2N3716*N 2N3491*N 2N2527 2N2528 
2N2832 2N2079 2N2527 2N2834 2N2834 
2N2080 2N2832 2N2833 


TABLE V — HIGH FREQUENCY INVERTER TRANSISTORS (10 KC-50 KC) 


TRANSISTOR VOLTAGE RATING (BVces) 


POWER 


2N3026* 
2N3025* | 2N3713*N 2N3714*N 2N3489*N 
2N2912 2N2832 2N2832 2N3445*N 3N3 446 *N 2N2833 2N2834 2N2834 
2N2832 2N2833 


2N3715* 2N3448*N ; 

2N2832 2N2833 2N2833 2N2834 2N2834 
2N3716* 2N3492*N 
2N2833 2N2833 2N2834 2N2834 


NOTES: ALL TRANSISTORS ARE GERMANIUM PNP UNLESS OTHERWISE NOTED. 


* INDICATES SILICON TRANSISTOR 
N INDICATES NPN TRANSISTOR 
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GERMANIUM POWER TRANSISTOR SPECIFICATIONS 


SATURATION VOLTAGE 
Vce{sat} @ Io/Ip 
volts max amps 


Fle = 15 amps (max) 


2N441 
2N2078* 
2N277 


2N1980 


2N443 
2N2491 
2N173 
2N1550* 
2N1554* 
2N1558* 


2N2490 
2N2076* 
2N2080* 
2N1981 


2N2075* 
2N2492 
2N1358 t 
2N174 ¢ 
2N174A 
2N1099 
2N2079* 
2N1551* 
2N1120 + 
2N1555* 
2N1559* 


2N1982 
2N1970 
2N1412 ¢ 
2N1100 
2N2493 
2N1552* 
2N1556* 
2N1560* 


Ic = 20 amps (max) 


MP1612 
2N2832 
MP1612A 
2N2833 
MP1612B 
2N2834 


Ic = 25 amps (max) 


2N2912 
2N1162* 
2N1163* 
2N1164* 
2N1165* t 
2N1166* 
2N1167* 


Ic = 30 amps (max) 


2N2152* 
2N2156* 
2N2153* 
2N2157* 
2N2154* 
2N2158* 


Ic = 50 amps (max) 
2N2728 
Ic = 60 amps (max) 


MP500* 
MP504* 
MP501* 
MP505* 
MP502* 
MP506* 


2 watts Audio 


2N554 
2N555 
2Nt76 
2N178 
2N669 


4 Watts Audio 


2N350A 
2N351A 
2N376A 


7 
7 


5 
4) 


Ves 
volts 


/ 
50/100 


20/40 
20/40 
35/70 
50/100 


20/40 
25/50 
25/50 
25/50 
25/50 
35/70 
35/70 
10/30 
20/50 
30/60 
50/100 


25/100 
25/100 
25/100 
25/100 
25/100 
25/100 


50/100 
80/160 
50/100 
80/160 
50/100 
80/160 


Vces 


vis [oe a 


. 


OOoOroo 9ORrF9o000 


. 


OOM OOORSD CORPHFODODDOSD [290090 SCOMrOor 


MAIOKRAION NMIOOVIWIAIOIIA NII DACSCAIO AHO MW NAOCHOWNOW 


ee ew ew ew 
mmmnannnon 


co 
< 
Ko) 


@) See data sheet for safe area operation 


@ BYcro 


* Available as ''Meg-A-Life"’ Units 
t Military type available 
@ For TO-41 order MP2137, etc. 


© BVogR R = 100 ohms 
©) fa. ke min 
@ Minimum 


GERMANIUM POWER TRANSISTOR SPECIFICATIONS 


SATURATION VOLTAGE 
Veet) @ = Ie/Ie 
min/max volts max amps 
lc = 3 amps (max) 
2N2137* 0.5 0.5 2/0.2 
2N2142* 0.5 0.5 2/0. 2 
2N2138* 0.5: 0.5 2/0.2 
2N2143* 0.5 0.5 2/0.2 
2N1359 1 1.0 2/0.2 
2N1360 1 0.8 2/0.2 
2N2139" 0.5 0.5 2/0.2 
2K2144* 0.5 0.5 2/0. 2 
2N2140* 0.5 0.5 2/0.2 
2N2145* 0.5 0.5 2/0.2 
2N375 1 1.0 2/0.2 
2N618 1 0.8 2/0. 2 
2N2141* 0.5 0.5 2/0.2 
2N2146* 0.5 0.5 2/0. 2 
2N1362 1 1,0 Dy) 2 
2N1363 1 0.8 2/0. 2 
2N1364 1 1.0 2/0.2 
2N3165 1 0.8 2/0. 2 
Ic = 5 amps (max) 

2N378 20 pes 20 40/80 2 1.0 2/0.2 5 © 106 
2N380 30 —_ 30 30/70 2 1.0 2/0.2 5 © 106 
2N3311 30 20 30 60/120 3 0.1 3/0.3 0.45 170 
2N3314 30 20 30 100/200 3 0.1 3/0.3 0 43 170 
2N307 35 10 35 20/— 0.2 1.0 2/0.2 3 106 
2NSOTA 35 10 35 30/— 0.2 0.8 1/0.1 3.5© 106 
2N379 40 — 40 20/70 2 1.0 2/0.2 5© 106 
2N1529* 40 20 30 20/40 3 1.5 3/0.3 0.35 90 
2N1534* 40 20 30 35/70 3 1.2 3/0. 3 0. 35 90 
2N1539* 40 20 30 50/100 3 0.6 3/0.3 0. 40 90 
2N1544* 40 20 30 75/150 3 0.3 3/0.3 0. 40 90 
2N242 45 45 45@ 30/120 0.5 0.8 2/0.2 5® 106 
2N3312 45 25 45 60/120 3 0.1 3/0.3 0. 45 170 
2N3315: 45 25 45 100/200 3 0.1 3/0.3 0. 45 170 
2N1530* 60 30 45 20/40 3 1.5 3/0.3 0. 35 90 
2N1535* 60 30 45 35/70 3 1,2 3/0.3 0.35 90 
2N297At 60 40 50 40/100 0.5 1.0 2/0.2 0. 35 90 
2N1540* 60 30 45 50/100 3 0.6 3/0.3 0. 40 90 
2N3313 6C 30 60 60/120 3 o.1 3/0.3 0.45 170 
oN1545* 60 30 45 75/150 3 0.3 3/0.3 0. 40 90 
N1316 60 30 60 100/200 3 0.1 3/0.3 0.45 170 
2N1531* 80 40 60 20/40 3 1.5 3/0.3 0. 35 90 
aN1011t 80 40 80 30/75 3 1.5 3/0.2 35 90 
2N1536* 80 40 60 35/70 3 1,2 3/0.3 0.35 90 
QNGESt 80 40 = 40/80 0.5 0.9 3/0. 22 20 ©) 35 
ON1541* 80 40 60 50/100 3 0.6 3/0.3 0. 40 90 
2N1546* 80 40 60 75/150 3 0.3 3/0.3 0. 40 90 
2N1532* 100 50 75 20/40 3 1,5 3/0.3 0. 35 90 
2N1537* 100 50 75 35/70 3 1.2 3/0.3 0.35 90 
2N1542* 100 50 75 50/100 3 0.6 3/0.3 0. 40 90 
2N1547* 100 50 75 75/150 3 0.3 3/0.3 0. 40 90 
2N459 105 10 60 20/70 2 1.0 2/0. 2 5 ® 106 
2N459A 105 25 60 40/70 2 0.3 2/0.2 5@ 106 
2N1533 120 60 90 20/40 3 1.5 3/0. 3 0. 35 90 
2N1538 120 60 90 35/70 3 1,2 3/0. 3 0.35 90 
2N1543 120 60 90 50/100 3 0.6 3/0.3 0. 40 90 
2N1548 120 60 90 75/150 3 0.3 3/0. 3 0. 40 90 


lc = 7 amps (max) 


MP2060 30/200 
2N3611 35/70 
2N3613 60/120 
P2061 30/200 
2N3612 35/70 
2N3614 60/120 


MP2062 30/200 
2N3615 30/60 
2N3617 45/90 
MP2063 30/200 
2N3616 30/60 
2N3618 45/90 


DAMAIWRM AIBAIN 


. 


esscss cessss 
NKKONND NNYONNNN 
nanan aaa 
wowewn wow 
SSK THEE 
Seeess eesssesse 
WWwWWHWW WHWWWHwW 
hac 


° 


wwwwiidwd 69 69 to to to tO 


lc = 10 amps (max) — PNIP 


2N1073 
2N2526 
2N1073A 
2N2527 
2N1073B 
2N2528 


lc = 10 amps (max) — Industrial 


Case 4 
2N627 
2N628 
2N629 
2N630 
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SILICON POWER TRANSISTOR SPECIFICATIONS 


SATURATION VOLTAGE 
Vee sat) @ lo/ts 


min/max volts max amps 


Ic = 3 amps (max) — PNP 


2N3021 
2N3024 
2N3719 
2N3022 


2N3025 
2N3023 
2N3720 
2N3026 


Ic = 5 amps (max) — NPN 


2N1722 20/90 
2N1724 20/90 
2N1725 50/150 


Ic = 7.5 amps (max) — NPN 


2N3445 
2N3487 
2N3447 
2N3490 
2N3488 


2N3446 
2N3491 
2N3448: 
2N3489° 
2N3492 


Ic = 10 amps (max) — NPN 


2N3235 
2N3232 
2N3713 
2N3715 


2N3055 
2N3714 
2N3716 


Ic = 10 amps (max) — PNP 


2N3789 
2N3791 
2N3790 
2N3792 50/150 


20/60 
50/180 
25/180 
20/60 


50/180 
20/60 

25/180 
50/180 


fat pak predh fe fat pred pen et 
ouno agamouw 


PrP Lh LL HP 
Det ak et pk ek be et 


Awad waa a co 
Onaga Nana 


Pema esa pmsh feces fh eh fe 
oe « @ 6 oe . 


@ Solid Header @ See data sheet for safe area operation 
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Motorola Power Transistors 


on1l73 For Specifications, See 2N277 Data Sheet 
a a 
anl74 Po = 150 W 
= I15A 

2N1 7 
NI os Vcs0 = 80-100 V 

PNP germanium power transistors. Power dissipa- 
CASE 5 tion and junction temperature ratings exceed those of 
(TO-36) EIA registration. 


Characteristic 
Collector -Base Voltage 
Emitter-Base Voltage 


Thermal Resistance, Junction to Case 
(Motorola Units) 


The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factor. 


NE pe ae This curve has a value of 150 Watts at case tempera- 


~ ‘tures of 25°C and is 0 Watts at 100°C with a linear relation 
~~ N between the two temperatures such that: 


Pp, POWER DISSIPATION (WATTS) 


aligwatio Se 00° ~ To 
. eo OS 
0 
0 20 40 60 80 100 
Te, CASE TEMPERATURE (°C) 
2N174 AND 1358 2N1100 
Of — 
Cee a 
30 a es ee 
: AS 
\ 
— 10 = 
SENG : 
= 3 & 
3 2 3 
S S 
5 170-WATT 5 170-WATT 
w w POWER DISSIPATION AT 
=i, DBC CASE TEMPERATURE | 25°C CASE TEMPERATURE 
o 9 
og SE a Ba 
. = 
9.3 [70 800 10 60V, 8mA 
0.2 (2N173, 2N443 ONLY) 
. WITH BACK BIAS APPLIED 
(FOR PULSE CURVES ONLY) 
a. 10 20 30 40 50 60 70 80 90 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) ait 
The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum Ts, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Motorola Power Transistors 


2N174, 2N1100, 2N1358 (continued) 
ELECTRICAL CHARACTERISTICS 


— —scc io [on 


Collector -Base Cutoff Current 
2N174 
(Vop = -2 volts) 2N1100 
2N1358 


Collector -Base Cutoff Current 
(Ven = -1.5 volts, V 


B= -80 volts) 2N174 
-100 2N1100 
~-80 2N1358 


Emitter-Base Cutoff Current 
(Vez = -60 volts) 2N174 
~80 2N1100 
-60 2N1358 


Collector -Base Cutoff Current 
Vop = - 80 volts, 71°C) 2N174 
-100 2N1100 
- 60 2N1358 


Emitter-Base Cutoff Current | mA 
(View = -30 volts, 71°C) 2N1358 
* 


Collector -Emitter Voltage 
(I. = 300 mA, V,, = 9) 2N174 

. eee 2N1100 

2N1358 


C 


Collector-Emitter Voltage 
(Ic = 1.0 amp, Ip = 0) 2N174 

1.0 amp, Ip =0 2N1100 

300 mA, Ip =0 2N1358 


Floating Potential 
(Iz = 0, Vcp = - 80 volts) 2N174 
-100 2N1100 

- 80 2N1358 


volt 
1.0 
1.0 : 
1.0 


Current Gain 


(Ic = 1.2 amps, VCB = -2 volts) 2N1358 

(Ic = 5 amps, Vcp = -2 volts) 2N174 
2N1100 
2N1358 

(Ic = 12 amps, Vcp = -2 volts) 2N174 


2N1100 


< 
3} 
| 
~1 © ~J 
ooo 
— hoes 


SoS O° 
a0 ; 
| 
rs) 


Base-Emitter Voltage Ver Vde 
(Ic = 1.2 amps, Vcp = -2 volts) 2N1358 
(IC =5 amps, Vocp = -2 volts) 2N174 
2N1100 
2N1358 
Saturation Voltage Vde 


CE(sat) 
(Ic = 12 amps, Ip = 2 amps) 2N174 ( 


2N1100 
2N1358 


<i 
> 
>) 
@ 
_ o— 
oO 


em 
Oo 


Common-Emitter Current Amplification 
Cutoff Frequency 

(Ic = 5 amp, Vox = 6 volts) 2N174 
2N1100 


Common-Base Current Amplification 


VEB = -6 volts, Rep = 10 ohms) All Types 


Cutoff Frequency ke 
(Ic = 1 amp, Vcp = -12 volts) 100 

Rise Time ("'on" Ic = 12 Adc, . t. 
Ip = 2 Adc, Vcr = -12 volts) All Types 5 

Fall Time ("‘off" Ic = 0, ee 


* In order to avoid excessive heating of the collector junction, perform test by the sweep method. 
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Motorola Power Transistors 


2N174, 2N1100, 2N1358 (continued) 


CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 


@ Z 
- 
: _ ms 
: 2 ee 
S COO 
: = “(TTT 
7aaEr7cen 
TAA LTT 
(toe eae 
2n176 =a 
2N669 veiedy 


Vero = 40V 
PNP germanium power transistors for economical 
power switching circuits and commercial grade power 
aar amplifier applications. 


ABSOLUTE MAXIMUM RATINGS 


Collector Current (Continuous) 
Storage and Junction Temperature Tj T ste —65 to +100 


Thermal Resistance 
(Junction to Case) 


*2N176 figure is Vcer, 2N669 figure is Vces 


2N669, 2N176 
SAFE OPERATING AREAS 


The Safe Operating Area Curves indicate 
Ic — Vce limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum Ty, the.power-temperature de- 
rating curve must be observed for both 
steady state and pulse power conditions. 


ILLECTOR CURRENT (AMPS) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Moforola Power Transistors 


2N176, 2N669 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 
Collector-Base Cutoff Current IcRo 
Vop = 30V, Ip =0 Both Types mA 
pA 
Vos = 30 V, Ip = 0, To = = 90°C mA 
Emitter-Base Cutoff Current mA 
Vrp=10V, Ip =0 Both Types 
Collector-Emitter Saturation Voltage VcR(SAT 
Io =3A, Ip = 300 mA Both Types 
DC Forward Current Transfer Ratio 


Vop =2.0V, Ip =0 
Collector-Emitter Breakdown Voltage Vdc 
BVcES 
Vcr = 2.0 VG Io =Q.5A 


Power Gain 
Py = 2 Watts, Vop = 12 V, Ip = 0.5 Amp, 


f=1kc, Rg =10 Ohms, Ry,=26.6 Ohms 2N176 
2N669 


Total Harmonic Distortion 
(under same conditions of power gain) Both Types 
Small-Signal Current Gain Cutoff Frequency fre 
Ver = 12 V, Ig = 0.5 Amp, f = 1 kc ref 2N176 7 
2N669 5 


Small-Signal Forward-Current Transfer Ratio 
Vcr = 2.0 V, Ip = 0.5 Amp, f = 1 ke 


Small-Signal Input Impedance 


Vor =2-0V, Ig = 0.5 Amp, f = 1 ke 2N176 


INPUT CURRENT pred roe DRIVE VOLTAGE POWER-TEMPERATURE DERATING CURVE 
ae ypes) | (Both Types) 
ee a a a a 
ee la al 
oa EL [gene TT ATI e 
"}ea Ei et : Be 
2 es ae 
"est os a lV é fs 
oper Ot a : a 
5c lol VI F om 
oO Ha : MS 
a Oe ca : ae 
ir ne ys is 
=a ies at ae Ee 
0 02 Of 06 O8 10 12 14 16 #18 20 
Van, BASE-EMITTER VOLTAGE (VOLTS) To, CASE TEMPERATURE (°C) 
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Motorola Power Transistors 


wn178 


2N554, : ret 
2N555 Veso = 15-30 V 


PNP germanium power transistor for non-critical 
power amplifier and power switching applications re- 
wer quiring economical components. 


MAXIMUM RATINGS 

Pte som [we [om 
Pewewerm fe fe 
Collector Power Dissipation (at Ta = src} Po [| 10 | of 0 | atts | 


POWER-TEMPERATURE DERATING CURVE 
(All Types) 


P,,, POWER DISSIPATION (WATTS) 


2N178, 2N555 SAFE OPERATING AREAS 


40-WATT 
POWER DISSIPATION AT 
30°C CASE TEMPERATURE 


s 
aes || 


a 
FF on tess 
\ Ou ee 
Sa Te 
a 


COLLECTOR CURRENT (AMPS) 
COLLECTOR CURRENT (AMPS) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vcxr limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum T3, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Motorola Power Transistors 


(2N178, 2N554, 2N555 (continued) | 
ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) - 


Collector-Base Cutoff Current — | Ia BO Eg 
(Von = 30 V, I 0) 3.0 
(Yop = 15 V, I, = 0) 10. 0 
(Voz = 30V, I, = 0) 20. 0 


= 
Catt 
B 
x] 
= 
5 
> 


= 
> 


Collector-Base Cutoff Current Io BO 
(Von =2V, I, = 0) 2N178 


Emitter-Base Cutoff Current | 
(View = 10V, In = 0) | | 2N178 | | 
Collector-Base Cutoff Current 


(Von = 30V, Ip = 0, 


To = 90°C) = 2N178 


> >| 


Collector-Emitter Breakdown Voltage 
(I, = 330 mA, Rez = 100) 2N178 


Power Gain — ; G, | 
(P, = 2 Watts; Vor = 12 V, In = 0.5 A, 2N178 33 
f =1 kc, R, = 10 Ohms, Ry = 26.6 Ohms) 2N554 
2N555 


Total Harmonic Distortion 
(under same conditions as power gain) 2N178 


DC Forward Current Transfer Ratio | h 


(Von = 2V, Iq = 0.5) 2N178 ue 15 z 
2N554 - 50 
2N555 | - | 50 
Small-Signal Current Gain Cutoff Frequency . ke 
(Vop = 12 V, 1, = 0.54, 
f = 1 ke ref) 
Small-Signal Forward Current Transfer-Ratio he 
(Base Input) . ‘ 
Vor = 2V, Ia = 0.5 A, 2N178 
f = 1 ke ref) 
Small-Signal Input Impedance (Base Input) hie | Ohms 
(Von = 2V, IQ = 0.54, 
Collector-Emitter Saturation Voltage VoR(sat Vdc 
(I, = 3A, Ig = 300 mA) All Types (sat) 
COLLECTOR CHARACTERISTICS INPUT CURRENT versus INPUT DRIVE VOLTAGE 
0 
a ee ap a a 
[tamer | | tT TT | TT tT 
@: “Woo ieee 
ot te ECE EE 
7 (Stee One eee 
eee eee a 
2 Hee | Tt tT TT = 
se ee 
=: Wore eh ete oh 
e LLL eee) 2 
Se ee ee EE) 
ae ae Rees ee 
ome 
————-—————— Es 
0 10 20 30 40. 0 02 04 06 08 10 12 14 16 18 2.0 
Ves, COLLECTOR-EMITTER VOLTAGE (VOLTS) Ven, INPUT DRIVE VOLTAGE (VOLTS) 
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Moforola Power Transistors 


on242 Po = 90 W 
lc =5A 
2N307, A Veeo = 35-45 V 


PNP germanium power transistors for general pur- 


CASE 1 pose power amplifier and switching applications. 
(TO-3) 


ABSOLUTE MAXIMUM RATINGS 
Characteristic Symbol 2N242 2N307, 307A Unit 


Collector-Base Voltage 
Collector-Emitter Voltage (Rep = 302) 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current 


Junction Temperature Range -65 to +110 -65 to +110 


Collector Dissipation (at T, = 25°C) 


Collector- Base Cutoff Current 
(VcB = -2 Vdc) 
(Vcp -25 Vdc) 


(Vop = -1 Vde, Ip = 0, T= 85°C) 


Emitter-Base Cutoff Current 
(VER = -10 Vdc) 


Collector-Emitter Cutoff Current 
-45 Vdc, Rar = 302) 
-25 Vdc, Rar = 30 2) 
-35 Vdc, Rpr =302) 


Base-Emitter Voltage 
(Vcr = -1.5 Vdc, I¢ = 1.0 Adc) 


Collector- Emitter Saturation Voltage VCE(sat) 
(Ic = 2.0 Adc, Ip = 200 mAdc) 
(Ic = 0.2 Adc, Ip = 20 mAdc) 
(Ic = 1.0 Adc, Ip = 100 mAdc) 


DC Current Gain 
(Vcr = -12 Vdc, I¢ = 500 mAdc) 
(Vcr = -1 Vdc, Ic = 200 mAdc) 


Common Emitter Cutoff Frequency 
(Vor = -12 V, Ic = 0.54) 


(Vcr = -6V, Ic = 1A) 


Power Gain 
(Ic = 0.5 A, Veg = -14V, Ry, = 309, 2N242 
Rg = 102) 
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on2/7 
2n278 


2N173 
2N1099 


CASE 5 
(TO-36) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol 


Collector-Base 
Voltage 


Emitter-Base 
Voltage 


Emitter Current 
(Continuous) 


Base Current 
(Continuous) 


Junction and Storage 
Temperature 


Thermal Resistance 
Junction to Case 


2N277 


Motorola Power Transistors 


l= I15A 
Vso = 40-60 V 


PNP germanium power transistors for general pur- 
pose power amplifier and switching applications. Pow- 
er and temperature ratings exceed EIA registration. 


2N278 2N173 2N1099 Unit 


SAFE OPERATING AREAS 


2N1099 


sss 


we 
.— a — 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


c, COLLECTOR CURRENT (AMPS) 


TO 60V, 8 mA 
2N173, 2N443 


(2N173, 2N443 ONLY) 
WITH BACK BIAS APPLIED 
(FOR PULSE CURVES ONLY) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) _ COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


Feit Reina Soa ale 
| | ASS 
PNAwe 
pat eal aes Gn | 


170-WATT 
POWER DISS 
25°C CASE TEMPERATURE 


0 10 20 30 40 50 60 70 80 90 1000 


2N277 


500 usec 250 psec 


444 
35 
2 
2S 


fi 
! 
q 


170-WATT 
POWER DI: 
25°C 


IPATION AT 
TEMPERATURE 


IPATION AT 


bs 
lunes 
Pe PL 


TO SOV, 8 mA 
WITH BACK BIAS APPLIED 
(PULSE CURVES ONLY) 


40 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


| 


10 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ts, the power-temperature 
derating curve must be observed for both steady 
State and pulse power conditions. 


Motorola Power Transistors 


2N277, 2N278, 2N173, 2N1099 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature) 


Characteristic 


Collector-Base Cutoff Current 


Collector-Base Cutoff Current 
Ves = -1.5 V, Ves = —40 Vv 
—50 
—60 
—80 


Emitter-Base Cutoff Current 
VEBO = —20 Vv 
—30 
—40 
—40 


Collector-Base Cutoff Current 
Vv = —40 V, 71°C 
CBO 50 
~—60 
—80 


Collector-Emitter Voltage 
Io = 300 mA, VERB = 0 


Collector-Emitter Voltage 
Ic = 1 Amp, Ip = 0 


Floating Potential 
Ip = 0, Var = -40 V 
E CB 50 
—60 
-80 


Current Gain 
I, =5 Amps, Vcp=-2V 


Ic = 12 Amps, Vop = -2 V 


Base- Emitter Voltage 
lq =5 Amps, Vcop = -2 V 


Saturation Voltage 
Ig = 12 Amps, Ip = 2 Amps 


Common-Emitter Current Amplification 
Cutoff Frequency 
Ic =5 Amps, Vcog = -6 V 


Rise Time 
"on" Io = 12 Adc, 


Ip =2 Adc, Vog = -12 V 


Fall Time 
"off" Ig = 0, 


cm 
> 


All Types 


2N277 
2N278 
2N173 
2N1099 


2N277 
2N278 
2N173 
2N1099 


2N277 
2N278 
2N173 
2N1099 


= et ee pe 
ooo (ooe oMocdee) Om mw © 


2N277 
2N278 
2N173 
2N1099 


2N277 
2N278 
2N173 
2N1099 


2N277 
2N278 
2N173 
2N1099 


; Ee 
DEE 
VBE 
2N277 
2N278 
2N173 
2N1099 
Vv 
apie CE(SAT) 
2N278 
2N173 
2N1099 
. e 
a 
= 


a i 


Wt 


2N277, 2N278, 2N173, 2N1099 (continued) 


Ic, COLLECTOR CURRENT (AMPERES) 


_ POWER-TEMPERATURE DERATING CURVE 


E 
= 
za 
=) 
'm 
a. 
a 
22 
[=] 
x nan 
: i 
oOo tad 
= = 
F = 
= To, CASE TEMPERATURE (°C) 
[= a4 
[4 
=> 
«2 
lubed 
2 
The maximum continuous ~ 
power is related to maxi- _ 
mum junction temperature 
by a thermal resistance 
fact 


This curve has a value of 
150 Watts at case tempera- 
tures of 25°C and is 0. Watts 
at 100°C with a linear rela- 
tion between the two tem- 
peratures such that: 


allowable Pp = 


100° — Tc 
0.5 


CURRENT TRANSFER CHARACTERISTICS 


PL TAA [aco 

ser atsaee 
x) eee eee 
¥ 422 GREER 
fH 
SRGHEERSER 


0.2 0.3 0.5 
Ip, BASE CURRENT (AMPERFS) 


le, COLLECTOR CURRENT (AMPERES) 
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Motorola Power Transistors 


INPUT CHARACTERISTICS 


eg Wile Melle lia 
See RSER SEE 
pe 
SERRA RRRE 


0.6 


0.5 


PPT 
ELE TA 
SammBeCr'//, 
oe Ltt A 


Vur:, BASE-EMITTER VOLTAGE (VOLTS) 


TRANSCONDUCTANCE CHARACTERISTICS 


Var, BASE-EMITTER VOLTAGE (VOLTS) 


Motorola Power Transistors 


Po = 90W 
IL=5A 
Vcro = 60 V 


WD 
z 
IND 
Ne) 
~~ 
> 


PNP germanium power transistors for military and 
industrial power switching and amplifier applications. 
Operating temperature range and collector dissipation 
rating excedes military specifications. 


(TO-3) 


@) 
> 
wn 
mi 


MAXIMUM RATINGS 


— ee 
Collector-Base Voltage Vo BO pH Vdc 
Collector-Emitter Voltage Vv ae: ae Vdc 


Collector-Emitter Voltage Vv 
Emitter-Base Voltage Vv 


aaskae ee 

Operating Temperature Range -—65 to +95 26 
(MIL-T-19500A/36) 

Operating Temperature Range a —65 to +110 7c 
(MOTOROLA 2N2974A) 

Collector Dissipation at 75°C Po 10 

Case Temperature (MIL~-T-19500A/36) 


Collector Dissipation at 25°C 
Case Temperature (MOTOROLA 2N297A) 


Q 
| 
wo 


Watts 


(8 5q = 0.8 C/W max) 


rg 
E 


POWER — TEMPERATURE 
DERATING CURVE 


et Vi TTT yt 
aL 


L-T-19500A 


Tc, CASE TEMPERATURE (°C) 


a 
a 
a 
a 

MI 


Motorola Power Transistors : 


2N297 A (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 


DC Current Transfer Ratio 
2V 
2.0 Adc 


Small-Signal Current Transfer Ratio 
Cutoff Frequency 


Vor = 14 Vdc 
Io = 0.5 Amp 
Emitter-Base Cutoff Current 
Vep= 40 Vde 


Collector- Base Cutoff Current 
60 Vdc 


Emitter-Base Voltage 
VcE = 2 Vdc 
Ic = 2 Adc 
Floating Potential 
Veop= 60 Vde 
(Voltmeter input resistance 
= 10 Megohm min) 
Collector-Emitter Saturation Voltage 
Ic = 2 Adc 
Ip = 200 mAdc 
Collector-Emitter Voltage 
Ic = 300 mAdc 
Ip = 0 
Collector-Emitter Voltage 


Ic = 300 mAdc 
= 0 


Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 


= 14 Vdc 
= 0.5 Adc 


Collector Cutoff Current 


Vop = 30 Vde 
In = 0 


Motorola Power Transistors 


2noO7 


onNGOJA For Specifications, See 2N242 Data Sheet 


230A | wearer 


c= 3-5A 
onoodlA ay 


2N376A 


PNP germanium power transistors for economical 
power switching applications and for power amplifiers 
requiring up to 4 watts of output power at relatively 
low distortion. 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 
Collector-Emitter Voltage 


Collector Dissipation 
at 25°C mounting base temperature 


Collector Junction Temperature —65 to +100 
Thermal Resistance 
(Junction to Case) 


CURRENT GAIN versus POWER TEMPERATURE 
COLLECTOR CURRENT (COMMON EMITTER) SAFE OPERATING AREAS DERATING CURVE 


90 
“OTT TT) fe 


Ec 0 ae aa ee 
Teer 
= zw 
3 E 
= =°° 
= S 
x4 90-WATT = 
5 POWER DISSIPATION x 
2 25°C CASE TEMPERATURE = 
” 
¢ 2) 
= r=) 
o 30 
°o 
a 
: .e) 
2 4 0 10 20 30 40 50 0 40 60 80 100 
COLLECTOR CURRENT (AMPERES) COLLECTOR-EMITTER VOLTAGE (VOLTS) MOUNTING BASE TEMPERATURE (°C) 
The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 


Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum Ty, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Motorola Power Transistors 


2N350A, 2N351A, 2N376A (continued) 


ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C + 3°C.) 


GENERAL 


Collector Cutoff Current 


Vop = 30 V, T = 100°C 


Emitter Cutoff Current 


Collector Breakdown Voltage 
IG=1A (Rae = 102) 


' lo = 330mA, Ree = 0 
(This test should be made 
under dynamic conditions only) 


COMMON EMITTER 


Power Gain (+ 0.5 db) 
P, = 4 Watts, Vop = 12 V, 
Iq =0.7A, f=1ke 


Total Harmonic Distortion 
under same conditions as power gain 


DC Forward Current Gain 
Vcr =2V,I¢g =0.7A 


Current Gain Frequency Cutoff 
Vor = 12 V, Io = 0.7 A, 
= 1 kc ref 


Small-Signal Forward Current Gain 
f=1ke, Vop =2V, Ic =0.7A 
Small-Signal Input Impedance Ohms 
f=1ke, Vop =2V, Ic =0.7A 
dc 


Collector Saturation Voltage 
In =3A, Ig = 300 mA 


Base-Emitter Voltage Var : 
In =3A, Ip = 300 mA 1.0 
Cc B 

Collector Saturation Voltage Vv 
Io = 4A, Ip = 400 mA CE(SAT) 

Base-Emitter Voltage VBE 
To =4A, Ip = 400 mA 

Collector Saturation Voltage V 
1.=5A, Ip = 500 mA CE(SAT) 
Cc B 

Base-Emitter Voltage VBE 
Ig = 5A, Ip = 500 mA 


6-22 


Motorola Power Transistors 


2N350A, 2N351A, 2N376A (continued) 


OUTPUT CURRENT versus INPUT CURRENT versus 
EMITTER-DRIVE VOLTAGE EMITTER-DRIVE VOLTAGE 


2N350A 
2N351 A 
2N376 A 


Ic, COLLECTOR CURRENT (AMPERES) 
1,, BASE CURRENT (MILLIAMPERES) 


‘ o 2 4 6 6 460 412 14 «16 «18 
Vee, BASE TO EMITTER VOLTAGE (VOLTS) Vee, BASE TO EMITTER VOLTAGE (VOLTS) 
Po = 90W 
anol5 ae 
2N61 8 Veso = 50-120 V 
2N1359 
2N1360 
2N1362 thru 2N1365 


PNP germanium power transistors for general pur- 
pose switching and amplifier applications. 


2N1359 2N375 2N1362 2N1364 
2N1360  #§$2N618 2N1363 2N1365 Unit 


Collector-Base Voltage 
Collector-Emitter Voltage 2 
Emitter-Base Voltage . 60 


Collector Current (Continuous) 3 


Collector Current (Peak) 10 10 | 


Collector Junction 


Temperature Range SS 1 


Collector Dissipation 
(25°C Case Temperature) — 


Thermal Resistance 
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Motorola Power Transistors 


2N375, 2N618, 2N1359, 2N1360, 2N1362 thru 2N1365 (continued) 
ELECTRICAL CHARACTERISTICS (At= 25°C unless otherwise noted) 


a 


Collector-Base Cutoff Current 2N1359, 2N1360 


(Vv... = 40V, I, = 0) 
CB soy, 1 - 0) 


(V 


(Vcop = 60V, IE = 2N375, 2N618 
(Vcp = 80 V, IE 


(Vop=75V, Ip = 2N1362, 2N1363 
(Vcp = 100 V, IE 


(Vcp = 100 V, Ip = 2N1364, 2N1365 
(Vcp = 120 V, Ip 


Collector -Base Cutoff Current 
at Tc = +90°C All Types 
Vop = 1/2 BVcgs rating 


Emitter-Base Cutoff Current 
(Vep = 12V, Ic = 0) All Types 


(Vep = 25V, Ic = 0) 2N1359, 2N1360 
(VERB = 50V, Ic = 0) 2N1362, 2N1363 
60 V, Ic = 0) 2N1364, 2N1365 


Collector-Emitter Breakdown 
Voltage 
900 mA, VERB 2N1359, 2N1360 
2N375, 2N618 
2N1362, 2N1363 
2N1364, 2N1365 


DC Current Transfer Ratio 

(Vor =4V, Iq = 1.04) 2N1359, 375, 
2N1360, 618, 

(VcE = 4V,I, = 1.0A) 2N1359, 375, 
2N1360, 618, 


Transconductance 

(VcE = 4V, Ic 2N375 
2N618 
2N1359, 2N1362, 2N1364 
2N1360, 2N1363, 2N1365 


Frequency Cutoff 

(VcE = 4V, Ic 2N375 

(VCE 4V,I¢ 2N618 

(Vor = 4V, Ic 2N1359, 2N1362, 2N1364 
(VCE = 4V, Ic 2N1360, 2N1363, 2N1365 


Collector Saturation Voltage VCE(sat) 
(I, = 2.0 A, Ic = 200mA) 2N1359, 375, : 
2N1360, 618, : 


Base-Emitter Drive Voltage 
(I, = 2.0A, Ip = 200 mA) 2N1359, 375, 
2N1360, 618, 


? 
? 
Collector-Emitter Punch- 
Through Voltage 
(VcB = 50V, Ic = 0) 2N1359, 2N1360 


(Vcp = 100V, Ic = 0) 2N1362, 2N1363 
(VcB = 120 V, Ic 2N1364, 2N1365 
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2N375 (continued) 


POWER-TEMPERATURE DERATING CURVE 


S 80 
<7 
a 2 60 
BE 
a= 40 
[= a4 a 
w & 
= 20 
a. 

0 

0 20 40 60 80 100 


Tc, CASE TEMPERATURE (°C) 


BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT 


2N135S 
2N375 

2N1362 
2N1364 


2N1360 
2N618 

2N1363 
2N1365 


Vaz? BASE-EMITTER VOLTAGE (VOLTS) 


0 0.5 1 1.5 2 25 3 
Ic, COLLECTOR CURRENT (AMPS) 


2N375, 2N618 


-WATT 
POWER DISSIPATION 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPS) 


TO 90V, 3 mA 
WITH BACK BIAS APPLIED 
(PULSE CURVES ONLY) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


SAFE OPERATING AREAS 


Motorola Power Transistors 


The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. Ford.c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pp = Vc x Ic 
hyperbolic curve. This curve has a 


| | value of 106 Watts at case tempera- 
| | tures of 25°C and is 0 Watts at 110°C 


with a linear relation between the two 
temperatures such that 
Pp allowable = 110° - Tc 
. 08 
CURRENT GAIN versus COLLECTOR CURRENT 


2N1360 
2N618 

2N1363 
2N1365 


hy, CURRENT GAIN 


2N1359 

—2N375 
2N1362 
2N1364 


1 1.5 2 2. 
Ic, COLLECTOR CURRENT (AMPS) 
2N1362, 2N1363 


20 


500 usec 


) 


aD GS ee, ee 
SY = po 250 psec 
OR LESS 


ay = 


COLLECTOR CURRENT (AMPS) 


75V,3 mA 
WITH BACK BIAS APPLIED 
(PULSE CURVES ONLY) 


0 5 10 15 20 25 30 35 40 45 50 55 60 65 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 
(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ty, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Motorola Power Transistors 


ono/6A 


For Specifications, See 2N350A Data Sheet 


2NQ/8 thru 2N3GO | Po = 90W 


2N459,A 


Ic=5 A 
Vso = to 105 V 


PNP germanium power transistors for general pur- 
pose power amplifier and switching applications. 


MAXIMUM RATINGS 
Characteristic Symbol 


Collector-Emitter Voltage VCEX 
(VBE 
(VBE 


Collector - Emitter Voltage (Rap = 0) VCES 
Collector-Emitter Voltage VCEO 


Emitter- Base Voltage 
Collector Current 


Junction Temperature Range 


Characteristic 


Collector-Base Cutoff Current 


(VcpR = -25 Vdc) All Types 
(VCB = -25 Vdc, Ta= 85°C) All Types 


Emitter-Base Cutoff Current 
(VppR = -10 Vdc) 2N380 
2N459 
(VER = -25 Vdc) 2N459A 


Collector Cutoff Current 
(Vcr = -40 Vdc, VBE 
(VCE 
(VCE 
(VCE 
(VCE 


1.5 Vdc) 2N378 
1.5 Vdc) 2N379 
1.5 Vdc) 2N380 
1.5 Vdc) 2N459 
1.0 Vdc) 2N459A 


-105 Vde, VBE 
-105 Vdc, Var 


nou dom on 
nou uot i 


Collector - Emitter Breakdown Voltage 
(Ic = 100 mAdc) 2N378 
2N379 
2N380 
2N459, 2N459A 


Base-Emitter Voltage 
(Ic = 2Adc, Vcr = -2 Vdc) 2N378 
2N379 ,2N459, 2N459A 
2N380 
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Motorola Power Transistors 


2N378, thru 2N380 2N459, 2N459 A 


ELECTRICAL CHARACTERISTICS (at Te — 25°C unless otherwise specified.) 


Characteristic Symbol Min Max Unit 


Collector -Emitter Saturation Voltage VCE(sat) Vdc 

(Ic = 2 Adc, Ip= 0. 2 Adc) 2N378-2N380, 2N459 — 1.0 

2N459A — 0.3 
DC Current Gain hrEe = 
(Io = 2Adc, VoR = 2 Vdc) 2N378 40 80 
2N379, 2N459 20 70 
2N380 30 70 
2N459A 40 70 
(Ic = 5Adc, Vop = -2 Vdc) 2N459A 20 — 
Common Emitter Cutoff Frequency fae ke 

(Ic = 1A, Vop = -2V) 2N378-2N380, 2N459 — 

(IC = 2A, VCR = -2V) 2N459A a 
2n44] Po = 150W 
2n442 Poea 

Vero = 40-60 V 
2n443 PNP germanium power transistors for power switch- 
CASE 5 ing andamplifier applications. Power and temperature 

(TO-36) ratings exceed EIA registration. 


MAXIMUM RATINGS 


Characteristic 


Junction and Storage Temperature 
Thermal Resistance 


sonia DERATING CURVE 
The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 150 Watts at 
case temperatures of 259°C and is 0 Watts 
at 100 C with a linear relation between 
the two temperatures such that: 


Pp allowable = 100° - 
Tc, CASE TEMPERATURE (°C) 0.5 


Pp, POWER DISSIPATION (WATTS) 


6-27 


Motorola Power Transistors 


2N441 thru 2N443 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Collector-Base Cutoff Current 
VcBo = =-2V All Types 


Collector-Base Cutoff Current 
Vep = —1.5 V, WCB = 208 
—50 
—60 


sagt Base Cutoff Current 
= 71°C, V = -40 V 
CBO 50 
—60 


Emitter-Base Cutoff Current 
VEBO = —20 V 
—30 
—40 


Collector-Emitter Voltage 
Io = 300 mA, VEB = Q* 


Collector-Emitter Voltage 


Floating Potential 
I, = 0, V, =-40 V 
E ? B 
. —50 


Current Gain 
Iq = 5 Amps, Vop = -2V All Types 
Io = 12 Amps, Vop = -2V All Types 


Base-Emitter Voltage 
Io = 5 Amps, Vop= -2V 


Saturation Voltage AT 
Iq = 12 Amps, Ip, = 2 Amps "CEG ) 

Common-Emitter Current Amplification kc 
Cutoff Frequency 
In = 5 Amps, Vor =-6V All Types 10 


Rise Time 
"on'' I, = 12 Adc, . All Types 
Ip =2 Adc, Vcr = —12 V ; 


Fall Time 
"off" Io = 0, All Types 
Ves = -6V, Rep = 10 Ohms 


* To avoid excessive heating of the collector junction, perform test with the sweep method. 
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Motorola Power Transistors 


2N441 thru 2N443 (continued) 


SAFE OPERATING AREAS 


100 usec The Safe Operating Area Curves indicate Ic — 
OR LESS Vcr limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
: s\\ (Duty cycle of the excursions make no significant 
a, en a... —— eel change in these safe areas.) To insure operation 
ee ee ee Eee below the maximum T3, the power-temperature 

\ derating curve must be observed for both steady 


BR state and pulse power conditions. 
POWER DISSIPATION AT dp po re) 


25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


60 
50 
40 
30 


20 


10 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


RO Ww ou 


170-WATT 
l POWER DISSIPATION AT 
25°C GASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 
COLLECTOR CURRENT (AMPERES) 


0.5 
0.4 
0.3 
TO 60V, 8 mA 
TO 50V, 8 mA 
WITH BACK BIAS APPLIED 0.2 F-—— (2N173, 2N443 ONLY) 


WITH BACK BIAS APPLIED 


(PULSE CURVES ONLY) (FOR PULSE CURVES ONLY) 


0 10 20 30 40 50 60 70 
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N441 thru 2N443 (continued) 


h,.., CURRENT TRANSFER CHARACTERISTICS 


co 


CTT 
X 
TNS 
f| 


fez) 


I~, COLLECTOR CURRENT (AMPERES) . 
In, BASE CURRENT (AMPERES) 


0 0.15 0.3 0.45 0.6 0.75 
In, BASE CURRENT (AMPERES) 


2N459, A 


For Specifications, See 2N378-38 Data Sheet 


2n554 
2n555 


For Specifications, See 2N178 Data Sheet 


2n618 


For Specifications, See 2N375 Data Sheet 
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Pt ee 


oa oe la ae INPUT CHARACTERISTICS 
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Motorola Power Transistors 


2N665—JAN Po =35W 


Ic=5A 
Vcso = 80 V 


PNP germanium power transistors for driver and 
power output amplifier and power switching applica- 
tions in military and industrial equipment. 


CASE 1 
(TO-3) 


MAXIMUM RATINGS 
Rating Unit 
Collector-Base Voltage 


Emitter-Base Voltage 


DC Collector Current 
MIL-S-19500/58C 
Motorola Unit 


DC Emitter Current 5 


Collector Junction Temperature -65 to +95 


Collector Dissipation 
Derate above 25°C 


Emitter Cutoff Current 
(VeBo = ~40 Vdc, Ic = 0) 

Collector Cutoff Current 
(VoBO = -2 Vdc, Ip = 
(VoBO = -60 Vdc, Te 
(VcBo = ~80 Vdc, Ip 


DC Current Gain 
(Vog -2 Vdc, Ic = -0.5 Adc) 
(Vcr -2 Vdc, Io a 72. Adc) 


Emitter-Base Voltage 
(Veg = «2 Vdc, Io = -2 Adc) 


Floating Potential 
(Vop = -80 Vdc, voltmeter input 
resistance = 10 megohms min, t = 1 sec) 


Collector- Emitter Saturation Voltage 
(Ic = -3 Adc, In = -220 mAdc) 


Collector-Emitter Voltage 
(Ic = -300 mAdc, Ip = 0) 


Small-Signal Short-Circuit Forward-Current 
Transfer-Ratio Cutoff Frequency 
(Vop = -14 Vde,Ic= -2 Adc) 


Emitter Cutoff Current 
(VeBo = -30 Vde, Ip = 0, T= +71°C min) 


Collector Cutoff Current 
(VoBo = -30 Vde, Ip = 0, To = +71°C min) 
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Motorola Power Transistors 


2N665 (continued) 


hee Versus TEMPERATURE 


% OF tee AT 25°C 


To, CASE TEMPERATURE (°C) 


The Safe Operating Area 


Curves indicate Ip — Vor 
limits below which the device SAFE OPERATING AREA 


will not go into secondary 
breakdown. Collector load 
lines for specific circuits must | ae 2 
\/ 
ONE 


fall within the applicable Safe 
Area to avoid causing a col- 3 
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera- 
tion below the maximum T;, 
_the power-temperature de- 
rating curve must be ob- 
served for both steady state 
and pulse power conditions. 


POWER DERATING CURVE 


Ic, COLLECTOR CURRENT (AMPS) 


Py, POWER DISSIPATION (WATTS) 


0 20 25 40 60 80 100 
Te, CASE TEMPERATURE (°C) Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N669 


For Specifications, See 2N176 Data Sheet 
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anl011 


MAXIMUM RATINGS 


Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Emitter Current 


Operating Temperature Range 
(MIL-T-19500A/67) 


Operating Temperature Range 
(MOTOROLA 2N1011) 


Collector Dissipation at 75°C 


Motorola Power Transisfors 


P. =90W 
Il=5A 
Veso = 80 V 


PNP germanium power transistors for general 
purpose power amplifier and switching applications in 
military and industrial equipment. Operating temper- 
ative range and power dissipation exceed military 
specifications. 


—65 to +95 
—6§5 to +100 


10 


Case Temperature (MIL-T-19500A/67) 


Collector Dissipation at 25°C 


Case Temperature (MOTOROLA 2N1011) 


POWER — TEMPERATURE 
DERATING CURVE 


100 an ie 
: Led 
_ 80 
E Zt 
—_ 
< 
: eee 
S 60 
z a 
a. 
w” 
z =z 
= 40 
2 fey 
S iN 
2 | Dae 
a 20 \ 
Dr 
10 
soe SEES 
0 


T,-, CASE TEMPERATURE (°C) 
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Motorola Power Transistors 


USA2NI1011 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified ) 


Characteristic 


DC Current Transfer Ratio 


DC Current Transfer Ratio 


Small-Signal Current Transfer Ratio 
Cutoff Frequency 


Vor = 2 Vdc 
Io = 3 Amps 
Emitter-Base Cutoff Current 
VEB = 40 Vdc 
Io = 0 
Collector-Base Cutoff Current 
Vos =. -2 Vdc 
Ip _ 0 
Collector- Base Cutoff Current 
VoB = 80 Vdc 
Ip = 
Base Current 
Vcr = 
Io = 
Base Current 
Vcr = 
Io = 
Emitter-Base Voltage 
VcE = 2 Vdc 
Ic = 3 Adc 
Floating Potential 
Vos = 50 Vdc 


(Voltmeter input resistance 
= 10 Megohm min) 


Collector-Emitter Saturation Voltage 
Io 3 Adc 
Ip = 200 mAdc 
Collector-Emitter Voltage 
Ic = 300 mAdc 
Ip = 0 


Collector-Emitter Voltage 
Ico = 300 mAdc 


VERB = 0 


Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 
Vor = 2 Vdc 


Io = 3 Adc 


High-Temperature Operation 
Tc = +90°C min 


Collector Cutoff Current 
Vos = 30 Vdc 
Ip = 0 


——— Motorola Power Transistors———— 


2n1073, A,B 


Po= 85 W 
c= 10A 
Veer = 40-120 V 


PNP germanium power transistors for high-voltage 
power switching applications. 


For TO-3 package with 50-mil dia. pins (no solder lugs) 


specify MP1350 thru MP1352. 


MAXIMUM RATINGS 


Characteristic Symbol 


“Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current (Cont) 
Base Current (Cont) 


Emitter Reverse Current 
(Surge 60 cps Recurrent) 


Storage and Operating 
Temperature 


Collector Dissipation 
(25°C Mtg. Case Temp.) 


POWER DERATING CURVE 


roy 
nw o& 
oOo & 


nN 
oo °o 


0 25 50 75 100 125 
Te, CASE TEMPERATURE (°C) 


P,, POWER DISSIPATION (WATTS) 


2N1073 2N1073A 2N1073B Unit 


1.5 1.5 


———— «65 to +110 —— 


85 85 85 


The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25°C and is 0 
watts at 110°C with a linear relation between 
the two temperatures such that: 

110° — Te, 


10 Watts 


Allowable Pp = 


SAFE OPERATING AREAS — PULSE CONDITIONS 


2N1073 2N1073A 


SEE ERE TEE In Sor: Th Tek i 


Ic, ALLOWABLE COLLECTOR CURRENT (AMPS) 


0 10 20 


30 40 0 8610 


: a 
cE 


20 30 40 50 60 70 80 20 30 40 


2N1073B 


SR, SE CE A Ee fA YR 


50 60 70 80 90 100 110 120 


Voce, COLLECTOR-EMITTER VOLTAGE wvaLTg) 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ts, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Motorola Power Transistors 


2N1073, A, B (continued) 


ELECTRICAL CHARACTERISTICS (at Ta = 25°C unless otherwise noted 


Characteristic 


' Collector-Base Cutoff Current 

= 25 Vde, Ig = 0) 2N1073 

= 25 Vdc. Ig 85°C) 2N1073 
40 Vdc. Ip 2N1073 
60 Vdc, Ip 2N1073A 
60 Vdc. Ig 2N1073A 
80 Vdc, If 2N1073A 
100 Vde. Ip = 0, 2N1073B 
100 Vdc, Ip «= 0, Tc = 85°C) 2N1073B 
120 Vdc, Ip = 0) 2N1073B 
2 Vdc, Ip = 0) All Types 


fl oft 


= 85°C) 


Seeeeeeee 


ea 


Emitter-Base Leakage Current 
(VeR = 0.75 Vdc) 


Emitter Floating Potential 


(Vor = 
(VCE 


40 Vdc) 
80 Vdc) 
120 Vdc) 


2N1073 
2N1073A 


2N1073B 


(VcE = 

Collector-Emitter Breakdown Voltage* 
(Ic = 50 mAdc, Rpg = 100 2) 2N1073 

2N1073A 


2N1073B 


DC Current Gain 
(Ic = 5 Adc, Vcg = -2.0 Vdc) 


Small Signal Current Gain 
(Ic = 0.5 Adc, Voce = 12 Vde, f = 30 ke) 


~ Base Input Voltage 
(Voge = 2.0 Vde, In = 5 Adc) 


Collector-Emitter Saturation Voltage 
(I¢ = § Adc, Ip = 0.5 Adc) 


Rise Time 


Storage Time 
Fall Time 


*To avoid excessive heating of collector junction, perform this test with a sweep method. 


COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 


Ic, COLLECTOR CURRENT (AMPS) 
Ie, COLLECTOR CURRENT (AMPS) 


600 


300 
1,, BASE CURRENT (MILLIAMPS) 


200 400 500 700 0 


0.5 1.0 
Vee, BASE-EMITTER VOLTAGE (VOLTS) 


1.5 
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—— Motorola Power Transistors 


2N1073, A, B (continued) 


DC CURRENT GAIN versus COLLECTOR CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 


Pf ft | ti! 
ae +100°C {i /iy 


fer Vie 
PE ee 


+ 2 +0.1 0 —0.1 —0.2 --0.3 
Ic, COLLECTOR CURRENT (AMPS) Vee, BASE-EMITTER VOLTAGE (VOLTS) 


nh 
So 


hee, DC CURRENT GAIN 
Ic, COLLECTOR CURRENT (MILLIAMPS) 


SWITCHING TEST CIRCUIT 


MERCURY = 40 


SWITCH 0 200 


+ 
52 i| 


PULSE CONDITIONS ; I¢ = 3 Adc, I, = 300 mAdc 


2n1099 


For Specifications, See 2N277 Data Sheet 


on1100 


For Specifications, See 2N174 Data Sheet 
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Motorola Power Transistors 


2n1120 oe 


Vso = 80 V 


PNP germanium power transistors for military and 
industrial power applications. 


MAXIMUM RATINGS 
Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voitage 
Emitter-Base Voltage 
Emitter Current 


Operating Temperature Range | —65 to +95 
(MIL-T-19500/68) 


Operating Temperature Range —65 to +100 
(MOTOROLA 2N1120) 


Collector Dissipation at 25°C : . 45 
Case Temperature (MIL-T-19500/68) 


Collector Dissipation at 25°C 
Case Temperature (MOTOROLA 2N1120) 


POWER — TEMPERATURE 
DERATING CURVE 


P,,, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 
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Motorola Power Transistors 


2N1120 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified ) 


, Characteristic Symbol 


DC Current Transfer Ratio hrs ae 
Ver = 2V 
Ic = 5.0 Adc 
DC Current Transfer Ratio | hee 20 50 — 
Vee = 2V 
Ic = 10.0 Adc 
Small Signal Current Transfer Ratio fae 3 — kc 
Cutoff Frequency 
Vee = 2 Vde 
1; = S amps 
Emitter-Base Cutoff Current Isso — 5.0 mAdc 
Ves = 40 Vdc 
Ic= 0O 
Collector-Base Cutoff Current Icso — 300 pAdc 
Ves = 2Vdc 
Ig — 0 
Collector-Base Cutoff Current Icro = 15.0 mAdc 
Vcs = 80 Vdc 
E=— 0 
Base Current Is 50 — mAdc 
Vce= 2Vdc 
Ic= S5Adc 
Base Current Ip 200 500 mAdc 
Vcee= 2Vdc 
Ice= 10Adc 


Emitter-Base Voltage 


Floating Potential 
Ves = 80 Vdc 
Voltmeter Input 
Resistance = 
10 meg. min. 
Collector-Emitter Voltage (Saturation) Vee (sat) — 1.0 Vde 
Ic= 10Adc 
Is = 1 Adc 
Base-Emitter Voltage (Saturation) Vee = 1.5 Vde 
Ins = 14 Adc 
Ic= 10Adc 
Collector-Emitter Voltage BV ceo 40 — Vde 
Ic = 300 mAdc 
In= 0 
Collector-Emitter Voltage BVces 70 — Vde 
Ic = 300 mAdc 
Ves — 0 
Small-Signal Short-Circuit Forward- 
Current Transfer Ratio 


Cutoff Frequency fue 3 — kc 
Vcem 2Vdc 
Ic= 5 Adc 
High-Temperature Operation 
Tec — +90°C 
(min) 
Collector Cutoff Current cso — 20° mAdc 
Ves = 30 Vdc 
Irn= 0 
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Motorola Power Transistors 


2N1162 thru2nT167 © Po = 106 W 


Ic =25A 
Vcso = 50-100 V 
CASE 3, 4 soe 25 PNP germanium power transistors for switching and 
(TO-3, 41) | amplifier applications in high reliability equipment. 


MAXIMUM RATINGS 
2N1162 2N1164 2N1166 
Characteristics Symbol 2N1163 2N1165 2N1167 Unit 
| Collector - Base Voltage 
Collector - Emitter Voltage 
_ Emitter - Base Voltage 
. DC Collector Current 
Collector Function Temperature 


Collector Dissipation 


Thermal Resistance 


120 
106 
100 


80 
60 
40 


POWER-TEMPERATURE DERATING CURVE 


P,, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 110 


SAFE OPERATING AREAS ea ere 
2N1162, 2N1163 2N1164, 2N1165 2N1166, 2N1167 


COLLECTOR CURRENT (AMPS) 


FR DISS! IPATION 
SE TEMPERATURE 


ee 
we 
Ee 
FE 
eee 
a | 
ae 
Hes 


8 
a 
oO 


TO 80V, 20 mA 
WITH BACK BIAS APPLIED Soe icy Eins APLIEG 
GUESE CURVES ONY) (PULSE CURVES ONLY) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum Tz, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Motorola Power Transistors 


2N1162 thru 2N1167 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


Min Typ Max 


Collector Cutoff Current 
Vcs = BVcBo(max), IE - 0 All Types 


Collector Cutoff Current 
VcB*15V, IE =0, Tc-90 C  2N1162-3 
Vcp = 30V, Ip - 0, Tc = 90 C 2N1164-7 


Collector-Emitter Breakdown Voltage 
Ic = 500mA, Veep = 0 
2N1162-3 
2N1164-5 
2N1166-7 


Emitter Cutoff Current IEBO 
Vep = 12V, Ic =0 All Types 


DC Forward Current Gain 
Vcr = 1V, Ic = 25A All Types her] 
VcE = 2V,‘Ic = 5A All Types hFE 


Collector - Emitter Saturation Voltage VCE(sat) 
Ic = 25A, Ip = 1.6A All Types 


Base - Emitter Drive Voltage VBE 
Ic => 25A, Ip = 1.6A All Types 


Common Emitter - Cutoff Frequency 
VcE= 2V, Ic= 2A All Types 


SWITCHING CHARACTERISTICS 


Pulsed Drive 


Saturated Base Current 


Collector 
Current 
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Motorola Power Transistors 


2N1162 thru 2N1167 (continued) | 
COLLECTOR CURRENT vs BASE — EMITTER VOLTAGE COLLECTOR CURRENT 
25 —_ vs BASE CURRENT 


BeNES 
a ae er 


z 
N 
i 
ti, 
y 
& 


lee COLLECTOR CURRENT (AMPS) 
Ice COLLECTOR CURRENT (AMPS) 


0 0.2 0.4 


0 0.4 0.8 1.2 1.6 2.0 2.4 


In, BASE CURRENT (AMPS) 


COLLECTOR CHARACTERISTICS 
COMMON EMITTER 


CURRENT GAIN 
vs COLLECTOR CURRENT 


Ie, COLLECTOR CURRENT (AMPS) 


CASE 
TEMPERATURE 25°C 


z 
< 
0) 
— 
y 4 
uw 
¢ & 
: o 
& “ 
i é 
ed 
: 
= 
0 5 10 15 20 25 
BVces , COLLECTOR-EMITTER VOLTAGE (VOLTS) le, COLLECTOR CURRENT (AMPS) ae 


For Specifications, See 2N174 Data Sheet 


2N1362 thru 2N1365 


For Specifications, See 2N375 Data Sheet 
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Motorola Power Transistors 


Po = 150W 
on1412 c= 15A 


Voso = 100 V 


PNP germanium power transistors for high-voltage 
power amplifier andswitching applications in military 
and industrial equipment. 


CASE 
(TO-36 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Emitter Current (Continuous) 


Base Current (Continuous) 


Junction & Storage 
Temperature —65 to +100 


Thermal Resistance 0.5 


2N1412 


150 


an 

e Lod 
ee 

100 

ae 


Se 
SX 


a: 
per MIL{S-19500/ 76 
20 


Pp, POWER DISSIPATION (WATTS) 
3 


170-WATT 
POWER DISSIPATION AT 


COLLECTOR CURRENT (AMPERES) 


25°C CASE TEMPERATURE beat 
0 
a 7 
T0 100V, 8 mA a CASE TEMPERATURE (°C) 
Win crcreies APPLIED The maximum continuous This curve has a value of 
(PULSE CURVES ONLY) power is related to maxi- 150 Watts at case tempera- 
mum junction temperature tures of 25°C and is 0 Watts 
01 py the thermal resistance i Le . baal gcd a 
: actor. on between e two tem- 
0 10 20 30 40 50 60 70 80 90 100 peratures such that: 
COLLECTOR-EMITTER VOLTAGE (VOLTS) allowable Pp = eee 
The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum Ts, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Motorola Power Transistors 


2N1412 (continued) 
ELECTRICAL CHARACTERISTICS 


Characteristic | 


Emitter Cutoff Current 


Emitter Cutoff Current 
| VEB= —60 Vdc 


Collector Cutoff Current IcBO 


= —2.0 Vdc 
0 


Collector Cutoff Current IcBo 
VoB = —100 Vdc 


Emitter-Base Voltage 


= —2.0 Vdc 
= —1.2 Adc 


VEB 
Emitter-Base Voltage Veep 
VCE —2.0 Vde 
Ic = —5.0 Adc 
Val 


Floating Potential 
Vos = —100 Vdc 
Ip = 0 
(Voltmeter input resistance 
= 10 Megohm min) 


Collector-Emitter Saturation Voltage 


Iq = —12 Ade 
Ip = —2.0 Adc 


Forward Current Transfer Ratio* 
Vor = —2.0 Vdc 
Io = ~15 Adc 
Forward Current Transfer Ratio 
= —2.0 Vde 
—5.0 Adc 
Collector-Emitter Breakdown Voltage * 
Ic = —1 Adc 
IR = O 
Collector-Emitter Breakdown Voltage * 
VEB = 0 
Ic = 300 mA 


Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 


Vor = —12 Vdc 
Ic = —5.0 Adc 
High-Temperature Operation 
Emitter Cutoff Current 
To = +71°C min 
Vp = —30 Vdc 
Collector Cutoff Current 


Vos = —30 Vdc 
Ip = 0 


*Test by sweep method with a short duty cycle (about 1%) to avoid excessive heating. 
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Moforola Power Transistors 


2N1412 (continued) 


INPUT CHARACTERISTICS CURRENT TRANSFER CHARACTERISTICS 


HAE EEF 
(yi | | tt tt 
Ay | | | i tt | 
/ aka 
pe ee 


pay 


13, BASE CURRENT (AMPERES) 
c, COLLECTOR CURRENT (AMPERES) 


0.30 0.45 0.60 0.75 
Ven, EMITTER-BASE VOLTAGE (VOLTS) I,,, BASE CURRENT (AMPERES) 
TRANSCONDUCTANCE CHARACTERISTICS OUTPUT CHARACTERISTICS 


Fa a ee 
SRERRREREE, 
Ge A ae a a 


SRSSeeRer 
CCC 
CCC 


SRR ess ae 


I, COLLECTOR CURRENT (AMPERES) 
a 
I, COLLECTOR CURRENT (AMPERES) 


0 0 - 
0 0.2 0.4 0.6 0.8 1.0 0 10 20 30 40 50 60 70 80 90 100° 
Ven, EMITTER-BASE VOLTAGE (VOLTS) Vie» COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N T 529 thru on 1 538 


For units with solder lugs attached, specify 
devices MP1529A etc. (TO-41 package) 


MAXIMUM RATINGS 


2N1529 
2N1534 


Characteristic | Symbol 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Collector-Base Voltage 


Collector-Base Voltage 


Collector Current 
(Continuous) 


Collector Current 
(Peak) 


Junction Temperature Range 


Collector Dissipation 
(25°C Case Temperature) 


Thermal Resistance 


Motorola Power Transistors 


Po = 106W 
lc =5A 
Ven = 40-120 V 


PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 


2N1533 
2N1538 


2N1532 
2N1537 


2N1531 
2N1536 


2N1530 
2N1535 


SAFE OPERATING AREAS — PULSE CONDITIONS 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


_ 2N1529, 2N1534* 2N1531, 2N1536* 


2N1530, 2N1535*. 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ty,. the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 


2N1532, 2N1537* 2N1533, 2N1538 


A SS SE SOUND NY A, EE | 


SR Ne», SS es WS SO 
a aie 


Ic, ALLOWABLE COLLECTOR CURRENT (AMPS) 


0. 
0 § 10 15 2 2% 30 350 5 10 15 20 25 30 35 40 45 500 5 10 15 2 2 30 35 40 45 50 55 60 650 


te en 
= SEREAWAY 


é PV aa 
ae a ee 


10 120¥ JmA 
WITH APPLIED. 


Bisse is = ee 


BACK BIAS 
FOR PULSE CURVES ONLY 
70 80 


10 


Vee. COLLECTOR-EMITTER VOLTAGE {VOLTS} 
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Motorola Power Transistors 


2N1529 thru 2N1538 (continued) 


ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise specified.) 


Characteristic Symbol Min 

Collector-Base Cutoff Current ICBO) 

(VcB = 25V) 2N1529, 2N1534 

(Vop = 40V) 2N1530, 2N1535 

(VcR = 55V) 2N1531, 2N1536 

(VcB = 65V) 2N1532, 2N1537 

(Vop = 80V) 2N1533, 2N1538 
Collector- Base Cutoff Current 

(Voz = 2V) All Types 

(VcB = 1 2 BVcgg rating; To = +90°C) All Types 


Emitter- Base Cutoff Current 


Collector-Emitter Breakdown Voltage 
(Ic = 500 mA, Veg = 0) 2N1529, 2N1534 
2N1530, 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 
2N1533, 2N1538 


Collector-Emitter Leakage Current 
(Veep = 1V; Vop @ rated BVcRO) All Types 


Collector-Emitter Breakdown Voltage 
(Ic = 500 mA, Ip = 0) 2N152%, 2N1534 
2N1536, 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 
2N1533, 2N1538 


Collector-Base Breakdown Voltage 
(Ic = 20 mA) 2N1529, 2N1534 
2N153¢, 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 
2N1533, 2N1538 


Current Gain 
(Vor = 2V, Ia = 3A) 2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


Base-Emitter Saturation Voltave VBE(sat) 
(Io = 3A, Ip = 300 mA) | 2N1529 - 2N1532 
2N1534 - 2N1537 

2N1529 - 2N1533 

2N1534 - 2N1538 


Collector-Emitter Saturation Voltage 
(Io = 3A, I, = 300 mA) 2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


. VCE(sat) 


Transconductance 
(Vog = 2V,Io = 3A) 2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


et ee 
ann on 
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2N1529 thru 2N1538 (continued) 


Py, POWER DISSIPATION (WATTS) 


Ic, COLLECTOR CURRENT (AMPS) 


0 20 


40 60 80 
Tc, CASE TEMPERATURE (°C) 


Motorola Power Transistors 


POWER-TEMPERATURE DERATING CURVE 


100 110 


COLLECTOR CURRENT versus BASE CURRENT 


Vee == av 


2N1534 — 2N1538 


0.10 0.15 0.20 
Is, BASE CURRENT (AMPS) 


0.25 


SWITCHING TIME MEASURING CIRCUIT 


TEST TRANSISTOR 


0.30 


a 

The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For d.c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pp = V¢ x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 


temperatures such that 


Ph allowable = 110° - Tc 
. 08 


COLLECTOR CURRENT versus EMITTER BASE VOLTAGE 


ce ae 8 
Sa? Ane 
fet aoe) od Oe EE 


a= | 
ll oc baccsh ecnah es 
0 1.0 3.0 


Vee, EMITTER-BASE VOLTAGE (VOLTS) 


lc, COLLECTOR CURRENT (AMPS) 


DC CURRENT GAIN versus 
COLLECTOR CURRENT 


CREE 
PRK 


hee, CURRENT GAIN 


Ic, COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors 


2N 1539 thru 2n1 548 Pe = 106 w 
Vero = 40-1 20 V 


PNP germanium power transistors for switching and 


CASE 3 amplifier applications in high-reliability equipment. 


(TO-3) 


For units with solder lugs attached, 
specify devices MP1539A etc. 


MAXIMUM RATINGS 


ae 2N1539 2N1540 2N1541 2N1542 2N1543 
Characteristics Symbol 2N1544 2N1545 2N1546 2N1547 2N1548 Unit 

Collector-Emitter VCEX 40 60 80 100 120 Vdc 
Voltage 

Collector- Emitter VcEs 30 45 60 75 90 Vdc 
Voltage 

Collector-Emitter VCEO 20 30 40 50 60 Vde 
Voltage 

Collector-Base V 40 60 80 100 120 Vde 

CBO 

Voltage 

Emitter-Base VEBO 20 30 40 50 60 Vdc 
Voltage 

Collector Current Ic 5 5 9) 5 5 Amps 
(Continuous) 

Collector Current Ic 10 10 10 10 10 Amps 
(Peak) 

AE AY PEO CEE MATT TO (EAAETGICSE RNS ee! 06 
Collector Junction Ty a -65 to +110 —————_"+ Cc 
Temperature Range 
Collector Dissipation Pc 106 106 106 106 106 Watts 
(25 C Case Temp. ) 
Thermal Resistance IC $$ 0.3 ————————_ c/w 
The maximum continuous power is POWER — TEMPERATURE DERATING CURVE 


related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For d.c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pp = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 0 20 40 60 80 100 110 
temperatures such that Te, CASE TEMPERATURE (°C) 

Pp allowable = 110° - Tc 

0.8 
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Moforola Power Transistors 


2N1539 thru 2N1548 (continued) 
ELECTRICAL CHARACTERISTICS 
| Parameter 


(At 25°C case temperature unless otherwise specified) 


Collector- Base Cutoff Current 
= 25 V) 2N1539, 2N1544 
2N1540°. 2N1545 
2N1541. 2N1546 
2N1542. 2N1547 
80 V) 2N1543. 2N1548 | 


Collector-Base Cutoff Current 
(Vcp = 2V) All Types 
(VCB = 1,2 BVcgg rating, All Types 
Tc = 90°C) : 
Emitter-Base Cutoff Current 
(Vep = 12V) All Types 


ton oH Wl 


Collector-Emitter Breakdown Voltage t 
(Ic = 500 mA) 
2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


Collector-Emitter Leakage Current 
(Ver =1V, Vog @ rated BVcpo) All Types — 


Collector-Emitter Breakdown Voltage tf 
(Ic = 500 mA, Ip = 0) 
2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


Coliector-Base Breakdown Voltage 
(Ic = 20 mA) 
2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


Current Gain 
(Vor = 2V, Io = 3 A) 
2N1539 - 2N1542 
2N1544 - 2N1547 
2N1539 - 2N1543 
2N1544 - 2N1548 


Base-Emitter Drive Voltage 
(Ic = 3A, Ip = 300 mA) 
2N1539 - 2N1542 
2N1544 - 2N1547 
2N1539 - 2N1543 
2N1544 - 2N1548 


Collector Saturation Voltage 
(Ic = 3A, Ip = 300 mA) 
2N1539 - 2N1542 
2N1544 - 2N1547 
2N1539 - 2N1543 
2N1544 - 2N1548 


VcE(sat) 


Transconductance 
(V = 2V, = 3A) 
ee c 2N1539 - 2N1542 
2N1544 - 2N1547 
2N1539 - 2N1543 
2N1544 - 2N1548 


Frequency Cutoff , 
(Veg = 2V,Ic¢ = 3A) All Types 


* Characteristics apply to corresponding, non-A type numbers also 


t To avoid excessive heating of collector junction, perform this test with a sweep method 
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Motorola Power Transistors 


2N1539 thru 2N1548 (continued) 


Ic, COLLECTOR CURRENT (AMPS) 


COLLECTOR CURRENT (AMPS) 


SWITCHING TIME MEASURING UNIT 


TEST TRANSISTOR 
0.5 pf 


i 

nm 
= 
io 


* Input Pulse Repetition Rate 
Pulse Width = 50 ysec 


COLLECTOR CURRENT versus BASE CURRENT 


2N1544-2N1548 


/ 
Te 
TT Nene 

{ Z| 
ATE 
AAT 

10 20 30 40 50 60 70 80 90 


Ie, COLLECTOR CURRENT (AMPS) 


0 
0 0.1 0.2 0.3 0.4 0.5 0.6 
Vee, EMITTER-BASE VOLTAGE (VOLTS) 1,, BASE CURRENT (mA) 
2N1539, 2N1544 
SAFE OPERATING AREAS sg 
Smsec Imsec 500 ysec 
The Safe Operating Area Curves indicate 10 


Ic — Vce limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 


temperature and duty cycle of the excur- 
sions make no significant change in these O-WATT 

safe areas.) To insure operation below the DB¢C CASE TEMPERATURE 
maximum Ty, the power-temperature de- 05 
rating curve must be observed for both 0.4 
steady state and pulse power conditions. 0.3 


a Aaa FS 


COLLECTOR CURRENT (AMPS) 
Nn 


0 5 10 15 20 25 30 35 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N1540, 2N1545 2N1541, 2N1546 2N1542, 2N1547 2N1543, 2N1548 
20 
Ic MAX PEAK 5msec, msec 100 nsec nan 500 psec I MAX PEAK — Smsec ee sec 500 usec 
i OR LESS y, 
st Ss oS ee ED, VG 2 ee ee 
ee ee ee 250 usec on ese Say aoe i} 
a a 9 EE SO, OR LESS FALE oR LSS 

: SETTNCY ot ACE 

- mw WT UTE NA TT ANNAN OT OT 

; DM er FIRE ANE 

= SSA 

1 & 90.watt Ne 90-WATT 

POWER DISSIPATION ee POWER DISSIPATION 
dali CASE TEMPERATURE mT 25°C ts TEMPERATURE 

5 
N i is Se a a 
0.3 

To 75V. 3 m 
0.2 TO 90V,3mA My 120¥, 3 mA 
WITH BACK BIAS APPLIED H BACK BIAS APPLIED 3m 
(PULSE CURVES ONLY) (PULSE CURVES ONLY) WITH-BACK BIAS APPLIED ITH BACK BIAS APPLIED 


PULSE CURVES ONLY) 


(PULSE CURVES ONLY) 


0 5 10 15 20 28 30 35 40 45 500 5 10 15 20 25 30 35 40 45 50 55 60 650 10 20 30 40 50 60 70 8g 49 20 30 40 50 60 70 980 $0 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) CGLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N1539 thru 2N1548 (continued) 
BASE CURRENT versus EMITTER BASE VOLTAGE DC CURRENT GAIN versus COLLECTOR CURRENT 


z 

ns z 
& S 
na - 
3 S 
g = 
2 = 
= é 

Ves, EMITTER-BASE VOLTAGE (VOLTS) . Ie, COLLECTOR CURRENT (AMPS) 


2N 1549 thru 2N1 560 Pc = 106 W 


Ic =I15A 
Vero = 40-100 V 


PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 


CASE 3 
(TO-3) 


For units with solder lugs attached, 
specify devices MP1549A etc. 


MAXIMUM RATINGS 


2N1549 2N1550 2N1952 
Characteristic Symbol 2N1553 2N1554 2N1556 Unit - 
2N1557 2N1558 ON1560 


Collector-Emitter Voltage Voex 100 Vdc 


Collector-Emitter Voltage CES * 
Collector-Emitter Voltage CEO* 
Collector-Base Voltage CBO 


Emitter-Base Voltage 


Collector Current (Continuous) 15 


Collector Current (Peak) 20 


Collector Junction Temperature << _65 to +110 


Collector Dissipation 
(25°C Case Temp. ) 


Thermal Resistance 


*To avoid excessive heating of collector junction, pertorm this test with a sweep method. 
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— Motorola Power Transistors 


2N1549 thru 2N1560 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


Parameter Symbol Min Max Unit 


Collector-Base Cutoff Current 
(Vcop= 25 V) 2N1549, 2N1553, 2N1557 
(Vop =40 V) 2N1550, 2N1554, 2N1558 
(Vop=55 V) 2N1551, 2N1555, 2N1559 
(Vop= 65 V) 2N1552, 2N1556, 2N1560 


Collector-Base Cutoff Current 
(Vo =2V) All Types 
(Vep =1/2 BVcRgs rating; 
Te = +90 C) 


Emitter-Base Cutoff Current 
(Vep = 12 V) All Types 


Collector-Emitter Breakdown Voltage 
(Ic = 300 mA) 
2N1549, 2N1553, 2N1557 
2N1550, 2N1554, 2N1558 
2N1551, 2N1555, 2N1559 
2N1552, 2N1556, 2N1560 


Collector-Emitter Leakage Current 


(Vpp=1V, Vcr @ rated BVcRZO) . 
All Types 


Collector-Emitter Breakdown Voltage 
2N1549, 2N1553, 2N1557 
2N1550, 2N1554, 2N1558 
2N1551, 2N1555, 2N1559 
2N1552, 2N1556, 2N1560 


Collector-Base Breakdown Voltage 
(Ic = 20 mA) 
2N1549, 2N1553, 2N1557 
2N1550, 2N1554, 2N1558 
2N1551, 2N1555, 2N1559 
2N1552, 2N1556, 2N1560 


Current Gain 
2N1549 - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 


Base-Emitter Drive Voltage 
(Ic = 10 A, Ip = 1 A) 
2N154% - 2N1552 
2N155e - 2N1556 
2N1557 - 2N1560 


Collector Saturation Voltage 
(Ic = 10 A, Ip = 1.0 A) 
2N1549: - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 
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Motorola Power Transistors 


2N1549 thru 2N1560 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Parameter Symbol Min 


Transconductance 
(Vor =2V, Io = 10 A) 
© 9N1549 - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 


Frequency Cutoff 
2N1549 - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 


Characteristics apply to corresponding. non-A tvpe numbers also 
To avoid excessive heating of collector junction. perform this test with a sweep method 


COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus EMITTER-BASE VOLTAGE 


| fF msm | | | | 
| Pamssass | LT 

VaupZaian 
MYL fmsomse, | | 
aa E 


2N1553-2N1556 ™“~ 
—— 


TTT. 
CHE 
Pr TAT 
CoAT 


LY v4 2N1549-2N1552 
TAT TT 
CLA TTT 


Vop= —2V 


Ic, COLLECTOR CURRENT (AMPS) 
Ic, COLLECTOR CURRENT (AMPS) 


: 0 0.2 0.4 1.0 
Ip, BASE CURRENT (AMPS) Veg, EMITTER-BASE VOLTAGE (VOLTS) 
CURRENT GAIN versus COLLECTOR CURRENT BASE CURRENT versus EMITTER-BASE VOLTAGE 
140 1.0 ¢ 
= 0.8 LLL ETA 
Pe el ccc 
2 Eee ee aN Teen 
?  SSSREs. Se Rese. 
“a Sl SCCTT Trot 
3 60 aii ri / 
a Cae = 0A Vy, 
ye 
7 eee Re See aes 3s 
Rats eie. Sees 
(moe er eam, ; 
0 2 4 6 8 10 12 14 16 : . : 0.8 1.0 
Ic, COLLECTOR CURRENT (AMPS) Ves, EMMITER-BASE VOLTAGE (VOLTS) 
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2N1549 thru 2N1560 (continued) 


Motorola Power Transistors 


SAFE OPERATING AREAS 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


2N1549, 2N1553, 2N1557 


Ic MAX PEAK Smsec 1 msec 


AREA 


2N1550, 2N1554, 2N1558 


i 
Hy 


5 bg MAX CONT. SR 
c ie Go ae 
‘ LN | 


POWER DISSIPAT! ON 

25°C CASE Uerukselh ate 
a=. 
eee 


POWER DISSIPATION 


Ss YS 
tJ {NA 
2070 CASE TEMPERATURE ee 2 _—_ 


COLLECTOR CURRENT (AMPS) 


60V, 3 mA 
WITH BACK BIAS APPLIED 
(PULSE CURVES ONLY) 


wi TH pick BIAS APPLIED 
(PULSE CURVES ONLY) 


10 15 20 25 30 35 40 45 500 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


20 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


15 25 30 350 85 


The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For d.c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pp = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 watts at case tempera- 
tures of 25°C and is 0 watts at 110°C 
with a linear relation between the two 
aoe such that Pp allowable 
10°- Tc 


P,, POWER DISSIPATION (WATTS) 


0.8 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ts3s, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 


2N1551, 2N1555, 2N1559 


cea ta [ive [Ste | 


= hee 


2N1552, 2N1556, 2N1560 


aINBSONCEs 


Vanes Gee 


90-W. 
POWER D ISSIPATION 


EP “el 
25°C CASE TEMPERATURE SN rt 


wt rT Bick BIAS wits i) 
(PULSE CURVES ONLY) 


§ 10 15 20 25 30 35 40 ‘ie = — aa 65 0 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


10 620030 


40 0 7 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Tc, CASE TEMPERATURE (°C) 


SWITCHING TIME MEASURING UNIT 


TEST TRANSISTOR 
0.5 yf 


PULSE GENERATOR 
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Se ae 
—— eal 


* Input Pulse Repetition Rate = 2 kc, 
Pulse Width = 50 usec 


t; 
5 usec) (usec) 


Motorola Power Transistors 


2n1970 | ee tow 
2N1980 thru 2N1982 


Vecso = 50-100 V 
PNP germanium power transistors for general pur- 
pose amplifier and switching applications. | 


CASE 5 
(TO-36) 


MAXIMUM RATINGS 


Characteristic 2N1970 —2N1980 2N1981 2N1982 Unit 
Collector-Base Voltage 100 


Collector-Emitter Voltage anaes (eae 
Emitter-Base Voltage ; 40 
Collector Current 15 
Power Dissipation at Tc = 25°C ~~ 170 


Junction Temperature Range 


2N1970 
2N1980 
2N1981 
2N1982 
2N1980-2N1982 


=-40 Vdc) 2N1970 
=~-20 Vdc) 2N1980-2N1982 
EB bi Vdc) | 2N1980-2N1982 
Collector-Emitter Breakdown Voltage 
(I, =1 Adc, Ip = 0) 2N1970 
2N1980 
2N1981 


2N1982 


Cc 


Base-Emitter Voltage 

(Vor = -2 Vdc, Io = 5 Adc) 2N1970 
Emitter Floating Potential 

(Vop = -50 Vdc) 2N1980 

(Von = -10 Vdc) 2N1981 

(Von = -90 Vdc) 2N1982 
Collector-Emitter Saturation Voltage 

(Ig = 12 Adc, Ip = 2 Adc) 2N1970 

(I, = 5 Adc, I, = 0.5 Adc) 2N1980-2N1982 


VcK(sat) 


B 


DC Current Gain 
(I. = 5 Adc, V -2 Vdc) 2N1970 
2N1980-2N1982 


= -2 Vdc) 2N1970 


Cc CE- 


(Ig = 12 Ade, Von 


Common Emitter Cutoff Frequency 
(Vv =-4V, I,=5A) 2N1970 
2N1980-2N1982 


CE Cc 
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2N2075 thru 2N2082 


CASE 5 
(TO-36) 


MAXIMUM RATINGS 


Pp, AVERAGE ALLOWABLE POWER DISSIPATION (WATTS) 


CHARACTERISTIC 


Collector- Base Voltage 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current I 


Power Dissipation at Te = 25 C Po 


Junction Temperature Range Ty 


Thermal Resistance, Junction to 
Case, 


0 10 20 30 40 


Tc, CASE TEMPERATURE (°C) 


50 60 70 


Motorola Power Transistors 


Po = 170W 
l= I15A 


Vero = 40-80V 


PNP germanium power transistors for high-power 
applications in high-reliability equipment. 


Apply to corresponding “Meg-A-Life” series also 


2N2078 
2N2082 


40 


2N2077 ——-2N2076 
2N2081  --2N2080 
50 70 
— —— 
“eS 
—_ = 
15 OS 
“170~COSC«CATO 
-65 to + 110 


2N2079 
2N2079 


RA aR IE TESTES ANE PEE I TIE IY I SI BIE IEE IANS ETE ASE EIDE IES ET IE OEE LENE 


PETTTT TT iN 


0.5 


that: 


80 90 100 110 
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UNIT 


Volts 


Volts 


POWER TEMPERATURE DERATING CURVE 


The maximum average power is related to maxi- 
mum junction temperature by the thermal resistance 
‘factor. 

This curve has a value of 170 Watts at case tem- 
peratures of 25°C and is 0 Watts at 110°C with a 
linear relation between the two temperatures such 


110° —T 
allowable Pp = ae 


Motorola Power Transistors 


2N2075 thru 2N2082 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) . 


2N2078, 2N2082 
2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 


Collector-Base Cutoff Current 
op = Yop max, = % Te 

Collector-Base Cutoff Current 
(Vop= -2V, I, = 0) All Types 


Emitter-Base Cutoff Current 


= +71°C) All Types 


2N2078, 2N2082 
2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 


Emitter-Base Cutoff Current 
= Ven max, Io = 0, To = +T1°C All Types 
Collector-Emitter Breakdown Voltage * 
(i, = 300 mA, Ven = 0) 2N2078, 2N2082 
2N2077, 2N2081 
_ 2N2076, 2N2080 
2N2075, 2N2079 


Collector-Emitter Breakdown Voltage * 

(Ig = 104A, I, = 0) 2N2078, 2N2082 
2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 


Floating Potential 
2N2078, 2N2082 
2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 


DC Current Transfer Ratio — 

(I, = 1.2 A, Von = -2 V) 2N2075 thru 2N2078 
2N2079 thru 2N2082 
2N2075 thru 2N2078 
2N2079 thru 2N2082 
2N2075 thru 2N2078 
2N2079 thru 2N2Z082 
2N2075 thru 2N2078 
2N2079 thru 2N2082 


Collector-Emitter Saturation Voltage 
(I, = 124, In = 2 A) 2N2075 & 7€, 2N2079 & 80 
2N2077 & 78, 2N2081/& 82 


Base-Emitter Voltage 7 
Ia =5 A, Vop 5 -2 V) All Types 
ommon Emitter Cutoff Frequency 


MI =5 A, Vor = -6 V) All Tvpes 


= 124, Vor = = -12 V, I, = 2 A) 2N2075 thru 2N2078 
2N2079 thru 2N2082 


= 10 Ohms) 2N2075 thru 2N2078 
2N2079 thru 2N2082 


* To avoid excessive heating of collector junction, perform this 
test with a sweep method. 
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2N2075 thru 2N2082 (continued) 


Motorola Power Transistors 


SAFE OPERATING AREAS 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


TO 100V, 8 mA 

(2N1100 ONLY) 

WITH BACK BIAS APPLIED 
(PULSE CURVES ONLY) 


0.1 
0 10 20 30 40 50 60 70 80 90 100 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 
60-74 


eee a 
20 Ty 2N 2077, 2N2081 
ee Ee Sa Pa ea 


a 00 usec 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


— 10 

2 

[oq 

ad 

a 

= 5 

=) 
= 3 a 
nn ee ie 
a 

Bo 2 7 

[eg 

O 

ren 

hr 

nd 

—_d 

(a) 

Oo 


TO 60V, 8mA 
(2N173, 2N443 ONLY) 
WITH BACK BIAS APPLIED 
(FOR PULSE CURVES ONLY) 


0 10 20 30 40 50 60 70 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


0-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


TO 80V, 8 mA 

(2N174, 2N1099 ONLY) 
WITH BACK BIAS APPLIED 
(FOR PULSE CURVES ONLY) 


0 10 20 30 40 50 60 70 80 90 100 


TT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT : AMPERES) 


0 10 20 30 40 50 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ty, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 


2N2075-2N2078 


CURRENT TRANSFER CHARACTERISTICS 


Ic, COLLECTOR CURRENT (AMPERES) 


0 0.1 0.2 0.3 0.4 0.5 0.6 
Ip, BASE CURRENT (AMPERES) 


TRANSCONDUCTANCE CHARACTERISTICS 


Ic, COLLECTOR CURRENT (AMPERES) 


0.7 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
Vee, BASE EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N2075 thru 2N2082 (continued) 
2N2679-2N2082 
CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 


Ie, COLLECTOR CURRENT (AMPERES) 
Ic, COLLECTOR CURRENT (AMPERES) 


2 03 04 O05 06 O07 O08 
xe, BASE-EMITTER VOLTAGE (VOLTS) 


0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 
Ip, BASE CURRENT (AMPERES) 


<= oO 


2N2137 thru 2N2146 Pc =70W 


Vecso = 30-90 V 


‘ PNP germanium industrial power transistors for 
CASE 1 driver applications in high reliability equipment. 


(TO-3) 


ABSOLUTE MAXIMUM RATINGS 


2N2137) =. 2N2138 =2N2139 = 2N21403=—s- 2N2141 


2N2142 2N2143-2N2144«-2N2145—-2N2146—CUt 


Characteristic Symbol 


Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Power Dissipation at Tp =25°C 

Junction Temperature Range —65 TO +110 


Thermal Resistance, Junction to. 1.2 


POWER TEMPERATURE DERATING CURVE 
The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 70 Watts at 
case temperatures of 25°C and is 0 
Watts at 110°C with a linear relation 
between the two temperatures such 
that: 


Power Dissipation, 
Pp, (Watts) 


0 25 50 75 100 110 allowable Pp = 110° - Tc 
12° 


Tc, Case Temperature (°C) 
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Motorola Power Transistors 


2N2137 thru 2N2146 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


Characteristic 


Collector-Base Cutoff Current 
(Vcg = —2V, I, = 0) 


Collector-Base Cutoff Current 
(Ves = —30 V, Ie = 0) 
(Veg = —45 V, I, = 0) 

(Ves = —60 V, I, = 0) 

(Ves = —75 V, |, = 0) 

(Ves = —90 V, I, = 0) 


Collector-Base Cutoff Current 
(Vee =_ Vee max, = 0, Te = +71°C) 


Emitter-Base Cutoff Current 
(Veg = —15 V, Ie = 0) 
(Veg = —25 V, Ic = 0) 
(Ves = —30 V, Ip = 0) 
(Vee —40V, Ic = 0) 
(Ves = —45 V, Ic = 0) 


Emitter-Base Cutoff Current 
(Ves = Vep max, le = 0, Te = +71°C) 


HM Ue 


Collector-Emitter Breakdown Voltage* 
(I¢ = 300 mA, Vee — 0) 


Collector-Emitter Breakdown Voltage* 
(Ie = 500 mA, I, = 0) 


Floating Potential 
(Ves = 30 V, |, = 0) 
(Veg = 45 V, I, = 0) 
(Veg = 60 V, I, = 0) 
(Vcgp = 75 V, I, = 0) 
(Vcp = 90 V, I, = 0) 


DC Current Transfer Ratio 
(I¢ = 0,5 A, Vee = V) 


(le = 2.0 A, Veg = 2 V) 


Collector-Emitter Saturation Voltage 
(lc = 2.0 A, I, = 200 mA) 


Base-Emitter Voltage 
(le = 2.0 A, I; = 200 mA) 


Common Emitter Cutoff Frequency 
(I¢ — 2.0 A, Vee =6 V) 


All Types 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


All Types 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


All Types 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


2N2137 - 2N2141 
2N2142 - 2N2146 
2N2137 - 2N2141 
2N2142 - 2N2146 


All Types 


All Types 


All Types 


Symbol Minimum Typical Maximum Unit 


Vee (sat) 


*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope 
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Motorola Power Transistors 


2N2137 thru 2N2146 (continued) 


SAFE OPERATING AREAS 


2N2137, 2N2142 2N2138, 2N2143 


5 a Imsec 500 i 


i 
at 


5 msec 1 msec 500 usec 


EES=E 

COM Ne 

BEANWS 
Fan 


POWER DISSIPATION 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPS) 
COLLECTOR CURRENT (AMPS) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VCLTAGE (VOLTS) 


2N2139, 2N2144 2N2140, 2N2145 


ee ar el 
HINWiSe 
CANN 
ESCA 


Smsec imsec 500 ,sec 


- i 
BRINN\a 
AY NT 

INA 


COLLECTOR CURRENT (AMPS) 
COLLECTOR CURRENT (AMPS) 


BEBZAN NE 
Saeki 


WATT 
POWER DISSIPATION r 
25°C CASE TEMPERATURE ~H 
0 


0 10 20 30 40 30 60 70 0 10 20 30 = 40 50 6 


62.5-WATT 
POWER DISSIPATION 
25°C pase LAN 


80 
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N2141, 2N2146 


5S msec 1 msec - usec 


The Safe Operating Area Curves indicate Ic — 
Vcr limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ty, the power-temperature 
derating curve must be observed for both Bteagy. 
state and pulse power conditions. 


COLLECTOR CURRENT (AMPS) 


62.5-WATT 


POWER DISSIPATION 
25°C CASE TEMPERATURE 


0 10 20 30 40 50 60 70 80 90 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


6-62 


Motorola Power Transistors 


2N2137 thru 2N2146 (continued) 


INPUT & TRANSFER CHARACTERISTICS 


BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT OC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 
All Types 


Coe ea ae 
i a 
a 
a 
Zp | I 
a 


0 1 2 3 
lc, COLLECTOR CURRENT (AMPS) Ic, COLLECTOR CURRENT (AMPS) 


2N2142A - 2N2146A | 
coe 


Vez, BASE-EMITTER VOLTAGE (VOLTS) 
hee, DC CURRENT TRANSFER RATIO 


rave 


2N2 152 thru 2N2154 Po = 170W 


lc =30A 


2N2 ] 56 thru 2n2 1 58 Vcso = 45-75 V 


PNP germanium power transistors for high-power, 
high-gain applications in high-reliability industrial 
equipment. 


2N2152 2N2153 2N2154 

2N2156 2N2157 2N2158 
_Collector-Base Voltage 45 Volts 
Collector-Emitter Voltage _ 45 _ Volts 
Collector-Emitter Voltage ; 30 Volts 


Emitter-Base Voltage 25 Volts 
Collector Current 30 Amps 


Power Dissipation at T. = 25°C 170 _Watts_ 
Junction Temperature Range ~=<«—— —65to +110 ———+ °C 


' Thermal Resistance, Junction to 


OE —-  05 °C/W 
Case, 
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Motorola Power Transistors 


2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 


ELECTRICAL CHARACTERISTICS (at Ta = 25°C unless otherwise noted’) 


Characteristic Symbol Minimum Typical Maximum Unit 


Coilector-Base Cutoff Current 

(Veg = —45 V, Ie = 0) 2N2152, 2N2156 
(Veg = —60 V, I; = 0) 2N2153, 2N2157 
(Vc, = —75 V, I, = 0) 2N2154, 2N2158 


Collector-Base Cutoff Current 
(Ves — Vee max? le —_ 0, Te = +71°C) All Types 


Collector-Base Cutoff Current 
(Ves = —2V, Ie = 0) All Types 


Emitter-Base Cutoff Current 

(Veg = —25 V, Ic = 0) 2N2152, 2N2156 
(Veg = —30 V, Ic = 0) 2N2153, 2N2157 
(Veg = —40 V, Ie = 0) 2N2154, 2N2158 


Emitter-Base Cutoff Current 
(Vee = Veg max? lc = 0, Te = +71°C) All Types 


Collector-Emitter Breakdown Voltage” 

(lc = 300 mA, Ve, = 0) 2N2152, 2N2156 
2N2153, 2N2157 
2N2154, 2N2158 


Collector-Emitter Breakdown Voltage* 

(Ic = 1.0 A, I, = 0) 2N2152, 2N2156 
2N2153, 2N2157 
2N2154, 2N2158 


Floating Potential 

(Veg = —45 V, I = 0) 2N2152, 2N2156 
(Vox = —60 V, I, = 0) 2N2153, 2N2157 
(Veg = —75 V, le = 0) 2N2154, 2N2158 


DC Current Transfer Ratio 

(le = 5A, Veg = 2 V) 2N2152, 2N2153, 2N2154 
2N2156, 2N2157, 2N2158 

(le = 15A, Vg = 2 V) 2N2152, 2N2153, 2N2154 
2N2156, 2N2157, 2N2158 

(Ile = 25A, Veg = 2 V) All Types 


Collector-Emitter Saturation Voltage 
(le = 5A, I, = 500 mA) All Types 
(Ic = 25 A, I, = 2 A) All Types 


Base-Emitter Voltage 
(lo = 5A, lp = 500 mA) All Types 
(lc = 25 A, I, = 2 A) All Types 


Common Emitter Cutoff Frequency 
(Ic = 5A, Vee = 6 V) All Types 


*To avoid excessive heating of the collector junction, perform these tests with an OScilloscope. 
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Motorola Power Transistors 


2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 
SAFE OPERATING AREAS 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


2N2152, 2N2156 


a4 BS. ie i DE ee ee Be ee 
Bi) eae Ge 


Ic (MAX.) \ ANA 500 4sec 


2N2152 
2N2156 x NAY 250 usec 


COLLECTOR CURRENT (AMPERES) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N2154, 2N2158 


YS 


50 nsec 
N OR LESS 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ty, the power-temperature 
derating curve must be observed for both steady 
State and pulse power conditions. 


2N2153, 2N2157 


60 nl at aD 
40 =~ le (MAX,) 


500 usec 
250 usec 


NM wowra 


0-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


POWER-TEMPERATURE DERATING CURVE 


Pp, POWER DISSIPATION (WATTS) 


0 10 2 30 40 50 60 70 80 9 100 110 
To, CASE TEMPERATURE (°C) 

The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case temperatures of 25°C and is 0 Watts 
at 110 C with a linear relation between 
the two temperatures such that: 


allowable Pp = 110° - Tc 
0.5 
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Motorola Power Transistors 
2N2152 thru 2N2154 = 2N2156 thru 2N2158 (continued) 


TYPICAL INPUT AND TRANSFER CHARACTERISTICS 


COLLECTOR CURRENT COLLECTOR CURRENT | 
versus BASE CURRENT versus BASE-EMITTER VOLTAGE 


Ic, COLLECTOR CURRENT (AMPS) 


Ic, COLLECTOR CURRENT (AMPS) 


0 01 02 038 04 OFS 06 O07 408 09 0 0.2 0.4 0.6 0.8 10 si 
is, BASE CURRENT.(AMPS) Veg, BASE-EMITTER VOLTAGE (VOLTS) 
DC CURRENT GAIN BASE CURRENT versus — 
versus COLLECTOR CURRENT BASE-EMITTER VOLTAGE. — 


_ hee, DC FORWARD CURRENT GAIN 
Ip, BASE CURRENT (AMPS) 


~ Ie, COLLECTOR CURRENT (AMPS) - Vee, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N2490 thru 2N2493 


Po = 170 W 
c= I5A 
Voso = 60-100 V 


PNP germanium power transistors for general 


CASE 5 purpose power and switching applications. 


(TO-36) 


[tharacteristie Samat 2uzaso TT anzaot [anzaea [anzees [unit | 
f_Caacorrmeier vornge | vers | | 
fr gieetliee Bese Vet ee 
[Collector Current de 


Emitter - Base Cutoff Current 


(Vep = -40 Vdc) 2N2490 
(Vep = -30 Vdc) 2N249t 
(VppR = -60 Vdc) 2N2492 


(VEB = -80 Vdc) 2N2493 


Collector Cutoff Current 


(Vog = -70 Vde, VBE =1.5 Vde) 2N2490 
(VcR = -60 Vdc, Vpp = 1.5 Vdc) 2N2491 
(VoR = -80 Vdc, Vgr = 1.5 Vdc) 2N2492 
(VoR = -100 Vdc, VaR =1.5 Vdc) 2N2493 
(VCR = -35 Vdc, VgR =1.5 Vde,To=+100°C) 2N2490,2N2491 
(VoR = -40 Vde, Vpr =1.5 Vdc, TG=+100°C) 2N2492 


-50 Vde, Vg =1.5 Vde,TG=+100°C) 2N2493 


Collector-Emitter Breakdown Voltage 
(Ic =1A, Igp=0) 


2N2490 
2N2491 
2N2492 
2N2493 


Base-Emitter Voltage 
(Ic = 5Adc, Vop= -2 Vdc) 2N2490,2N2491 

2N2492,2N2493 
(Ic = 12 Adc, Vox = -2 Vdc) All Types 


Collector-Emitter Saturation Voltage 
(Ic = 12 Adc, Ip = 2 Adc) 2N2490, 2N2491 
2N2492, 2N2493 


DC Current Gain 
(Ic = 1 Adc, Vox = -2 Vde) 2N2490 
. a 2N2491 
2N2492, 2N2493 
(Ic = 5Adc, Vog = -2 Vde) 2N2490 
7 oe 2N2491 
| 2N2492, 2N2493 
(Ic = 5Ade, Vop = -2 Vdc, Ta = -65°C) 2N2490 
2N2491 
2N2492, 2N2493 
(Ic = 12 Adc, Vog = -2 Vdc) 2N2490 
| 2N2491 
2N2492, 2N2493 


Common Emitter Cutoff Frequency 
(Ic = 5A, Vcg = -6 V) 


Turn-On Time 
(I¢ = 5 A, Ip) = Ipg = 0.5 A) 


Turn- Off Time 
(Ic =5 A, Ip) = Ipg = 0.5 A) 
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2n2526 
2n2527 
2n2528 


Motorola Power Transistors 


Po = 85 W 
Vero = 80-160 V 


PNP germanium power transistors for high-voltage 


CASE 3,4 
(TO-3,TO-4 ) 


MAXIMUM RATINGS 


power switchi 


Collector-Emitter Voltage Vor 
Collector-Base Voltage VcB 
Emitter-Base Voltage VEB 
Collector Current (Cont) Io 
Base Current (Cont) Ip 
Emitter Reverse Current | 
(Surge 60 cps Recurrent) Ip 
Storage and Operating T stg 
Temperatures Ty 
Collector Dissipation 
(25°C Mtg. Case Temp. ) Pc 
IC 


Thermal Resistance 


POWER DERATING CURVE 


The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25°C and is 0 
watts at 110°C with a linear relation between 
the two temperatures such that: 


Allowable P, = io Watts 


1.0 
SAFE OP 


: === 
3 = 
_ . ‘CVNCS 
3 e ABS 
s eS 
Fi L_| & = 
4 ee OSs SSS 
s : 
s [SERED 
8 E 03/4 
B 0.2 p85 3 02 
POWER D DISSIPATION AT : 


25°C CASE TEMPERATURE 


85-WATT 
POWER DISSIPATION 
0.1 & 960 


20 30 40 50 60 70 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — 
Vcr limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


C CASE TEMPERATU 


01 
0 10 20 30 40 50 60 70 80 90 100 110120130 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


ing applications. 


2N2527 


2N2526 2N2528 
80 120 160 Vde 
80 120 160 Vdc 
5 5 5 Vde 
10 10 10 Amps 
5 5 ‘ 5 Amps 
1.5 1.5 1.5 Amps 
———- _ -65 to+110  ——— °C 
85 85 85 Watts 
ef ee, °C/W 


= 

S 

— 

<x 

a. 

Re 

a & 

«=s 

tad — 

5 

c. 0 25 50 75 100 125 

rg To, CASE TEMPERATURE (°C) 
ERATING AREAS 
2N2527 


20 


} sme | Imsec 500 ,sec 230 tt i 


10 eggs Se 

St Th 
= a A 
we —, 


rN -— — awa A 


50sec —— Sn 
OR LESST"——t"_4 


7 


oe 
SW 


eS a a a eee 


SSNNa 


PN 


COLLECTOR CURRENT (AMPS) 


fle 


O01 
9 


20 160 180 


40 60 80 100 120 
COLLECTOR-EMITTER VOLTAGE woLTs} 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T3, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Motorola Power Transistors 


2N2526 thru 2N2528 (continued) 


ELECTRICAL CHARACTERISTICS — (At 25°C unless otherwise noted 


Collector-Emitter Cutoff Current* 

(Vo = -80 V, VpE = 0.2 Vde, Tc = 100°C) 

(Vog = -120 V, Vgp = 0.2 Vde, Tc = 100°C) | on2527 
(Vag = -160 V, VpE = 0.2 Vde, Tc = 100°C) | onosog 


Collector-Base Cutoff Current 
(Voz = -80 Vdc, Ip = 0) 2N2526 
Yop = -120 Vdc, Ip = 0) 2N2527 
‘Vos = -160 Vdc, Ip = 0) 2N2528 
(Vcp = -2.0 Vdc, Ip = 0) All Types 
(Collector-Emitter Cutoff Current 
‘Vor = -80 Vdc, Rpg = 100 2) 2N2526 
(Vop = -120 Vdc, Rpg = 100 2) 2N2527 
(Vop = -160 Vdc, Rpg = 100 2) 2N2528 


Emitter-Base Breakdown Voltage 
(Ip = 50 mAdc) 


Collector-Emitter Breakdown Voltage* 
(Ic = 100 mA, Ip = 0) 


DC Current Gain 
(Ic = 3 Adc, Vor = -2.0 Vdc) 
Small Signal Current Gain 
(Vop ~ -12 Vdc, Ic = 0.5 Adc, f = 30 kc) 


Transconductance 
(Vor = -2.0 Vdc, Ig = 3 Adc) 


Collector-Emitter Saturation Voltage 
(Ic = 10 Adc, Ip = 1.0 Adc) 


sase-Emitter Saturation Voltage 
(Ic = 10 Ade, Ip = 1.0 Adc) 


Rise Time 
Storage Time 


Fall Time 


*To avoid excessive heating of collector junction, perform this test with a sweep method. 


TYPICAL INPUT CHARACTERISTICS 


COLLECTOR CURRENT versus BASE CURRENT ALL TYPES COLLECTOR CURRENT versus DRIVE VOLTAGE 


= 7 
cipcdoa Dia f 
+100°C 
a a 7} 
=) 


ic, COLLECTOR CURRENT (AMPERES) 
le, COLLECTOR CURRENT (AMPERES) 


1,, BASE CURRENT (MILIAMPERES) Vee, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N2526 thru 2N2528 (continued) 


SWITCHING TEST CIRCUIT 


PULSE CONDITIONS ; I¢ = 3 Adc, I, = 300 mAdc 


DC CURRENT GAIN versus COLLECTOR CURRENT 


0-202 
MERCURY z 
SWITCH 0.5 uf = 
° 5 
e 
P 3 
Q 8 
10 ag 3 
50 = 12V 
+ 


4V 


Ic, COLLECTOR CURRENT (AMPERES) 


Ic =50A 
Vero = 15 V 


PNP germanium high-current power transistors es- 
pecially designed for switching and power converter 
circuit operating from low-voltage power sources such 
as solar cells, thernio-electric generators, sea cells, 
fuel cells, and 1. 5-volt batteries. 


Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (continuous) | . 50 
Base Current (continuous) 10 


Total Device Dissipation @ 25°C 
Case Temperature i170 


Operating Temperature +110 


Storage Temperature -65 to +110 


Thermal Resistance 
(Junction to Case) 
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Moforola Power Transistors 


2N2728 (continued) 
ELECTRICAL CHARACTERISTICS 


Characteristic Symbol Min Typ Max: Unit 


Collector Cutoff Current lopx mAdc 
Vor= 15 V, Ver = 1V - - 10 
Vor = 10 V, VBE =1V, To = 100°C - - 35 
Emitter-Base Cutoff Current I mAdc 
Ven 2 15 V EBO = ox 10 
Emitter Floating Potential V Vdc 
EBF 
Vop 715 V, I, = 0 - - 0.5 
Collector-Emitter Breakdown Voltage* BVaRo V 
In = 500 mA, I, = 0 5 10 - 
DC Current Transfer Ratio bor - 
In = 204A, Vor =2V 40 - 130 
Collector-Emitter Saturation Voltage V Vdc 
I,=50A, Ip=5A CE(sat) _ 1075 0.1 
Base-Emitter Voltage | Vv Vdc 
Io=50A, Ip=5A BE(sat) _ 9.85 1.0 
Common Emitter Cutoff Frequency fe ke 
I, = 204, Von 72V 3.64.5 - 
Rise Time t. usec 
Io = 20 A, Voc = 1.75 V, T(on) =2A - 18 25 
Storage Time a psec 
Ven 76 VY; Rye = 102 - 15 20 
Fall Time 


Ver = 6 V, . Rye = 10 Q 
* To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 


MERCURY SWITCH Loe 


0.19 i’ 


1.75V 
9.92 + 


0-500 


SWITCHING TIMES TEST CURRENT 


6V 
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Motorola Power Transistors 


2N2832 = 
2n2833 |= 20A. 


Vcso = 80-140 V 
2N2834 —_— | 
PNP germanium high-speed, high-frequency, power 


transistors for output stages of CRT deflection cir- 
cuits, high-efficiency power inverters, and similar ap-. 
plications. 


= 


CASE 3 
(TO-3) 


MAXIMUM RATINGS 


| ____haracterists | Sombot__—_zuze 20839202834 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current (Continuous) 
Base Current (Continuous) 
Power Dissipation 


Case Operating & Storage Temperature Range 


@ 100 
E 
= 85 
z 75 
POWER DERATING CURVE < 
<x 
THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE AREA CURVES S 50 
BOTH LIMITS ARE APPLICABLE AND MUST BE OBSERVED 2 
a 
[> 4 
w 25 
So 
a 
us 
2 0 
= 0 25 50 75 100 110 125 
z Tc, CASE TEMPERATURE (°C) 
J 
a. 


SAFE OPERATING AREAS 
2N2832 2N2833 -2N2834 


Ic, COLLECTOR CURRENT (AMPS) 


PEPE 


“140 0 80 100 120 140 160 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate the Ic - Vce limits below which the devices will not go into secondary breakdown. As secondary breakdown is independent 


of temperature and duty cycle, these curves can be used as long as the average power derating curve is also taken into consideration to insure operation below the 
maximum junction temperature. 
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Motorola Power Transistors 


2N2832 thru 2N2834 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


Collector-Base Cutoff Current* 


(Vop =2V, Ig = 0) All Types 
(Vop = S0V, Ig = 0) 2N2832 
120V, Ig = 0) 2N2833 


140V, Ig = 0) 2N2834 


3 
> 


Collector-Emitter Current* 

(Vog =100V, Ver = 9) 2N2832 
(VCE =140V, Vor = 0) 2N2833 
(Voz = 160V, VEE = 0) 2N2834 


3 
> 


Collector-Emitter Cutoff Current** P 
(Vor = 50V, Var = 0.2V, To = +85°C) 
(VcE = 75V, Var = 0.2V, Ta = +85°C) 
(Vor = 100V, Vag = 0.2V, tf, = +85°C) 


Emitter-Base Breakdown Voltage 
(Iz =50mAdc, I, = 0) 


Collector-Emitter Breakdown Voltage**. 
(Ip = 100 mA, I, = 0) 2N2832 
2N2833 
2N2834 


Emitter Floating Potential* 


(Vop = 80V, Ip = 0) 2N2832 
(VCB = 120V, Ig = 0) 2N2833 


(VcB = 140V, Ip = 0) 2N2834 
DC Current Transfer Ratio 

(Ic =1.0A, Vop = 2V) 

(Ic = 10A, Vop = 2V) 


& & 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 Adc, Ig = 100 mAdc) 
(I = 10 Adc, Ip = 1.0 Adc) 
(I¢ = 20 Adc, Ip = 2.0 Adc) 


Base-Emitter Saturation Voltage 
(Ic = 1A, Ip = 100mAdc) 
(I. = 10A, Ip = 1Adc) 
(Ic = 20A, Ip = 2 Adc) 


Small Signal Current Gain 
(Ic = 1.0A, Vop = 10V,f = 5mc) 


Rise Time 
Storage Time 


* SWEEP TEST: 1/2 Sine Wave, 60 cps min 
** PULSE TEST: PW = 1 msec, 2% Duty Cycle 
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Motorola Power Transistors 


2N2832 thru 2N2834 (continued) 
COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


Sa Se ee 
KATHE EE 


CONNIE INH 
mse 
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° 
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ad 
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o 
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Is, BASE CURRENT (AMPS) 
BASE- a SATURATION VOLTAGE amano. 


Nine a 
Lope ee 
TT CEL 


0.1 


ae | ee 


Veejsety, COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


| 
[ti 
i 


Vectsaty, BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


2 | ee ee es ee 
m\ — 


0.3 oa 
01 | 0.1 ls, BASE CURRENT (AMPS) 5.0 
Pc =75W 
Ic= 25A 
Vcso aa 15V 


PNP germanium, epitaxial-base, high speed, power 
transistors for switching and power converter circuits 
operating from low-voltage power sources such as so- 
lar cells, thermo-electric generators, sea cells, fuel 
cells, and 1. 5-volt batteries. 


MAXIMUM RATINGS 
Characteristic Symbol Rating 
Collector-Base Voltage | 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current (Continuous) . 
Base Current (Continuous) 


Power Dissipation 


Operating Case Temperature Range -65 to +110 


Storage Temperature Range | -65 to +110 


1 
30 


Thermal resistance 
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Motorola Power Transistors 


2N2912 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 


Collector Cutoff Current 
(Vor = 15 Vdc, VBE = 0.2 Vdc) 
(Vcr = 6 Vdc, Vag = 0-2 Vdc, Te = 85°C) 


Collector-Base Cutoff Current 
(VcB = 2 Vdc, Ip = 0) 


Emitter Floating Potential 
(Vcp = 15 Vdc, Ip = 0) 


Emitter Cutoff Current 
(VER = 1.5 Vdc) 


Collector-Emitter Voltage* 
(Ic = 500 mAdc, Ip = 0) 


DC Forward Current Transfer Ratio 
(Vcr = 2 Vdc, Ic = 10 Adc) 


Collector-Emitter Saturation Voltage 
= 5 Adc, Ip = 0.5 Adc) 
= 25 Adc, Ip= 2.5 Adc) 


Base-Emitter Saturation Voltage 
(Ic = 25 Adc, Ip = 2.5 Adc) 


Base-Emitter Saturation Voltage 
(Ic = 5 Adc, Ip = 0.5 Adc) 


Rise Time. 
(Ic = 3A, Vcr = 10V, Ip (on) = 250 mA) 


Storage Time 
(Iq =5 A, Vop = 10V, Ip (on) = 250 mA) 


Fall Time 
(Ia = 5A, Vcr =10V, VeEB = 155. V;, Rye = 6 Ohms) 


Common Emitter Small-Signal Forward Current 
Transfer Ratio Cutoff Frequency 
(Vop =2V, Iq = 5A, f = 1 mc) 


* 
Sweep Test SWITCHING CIRCUIT 


O 
SCOPE 


20 
CARBON 


62 
CARBON 
PRF = 200 cps 
PW = 50 usec 


1000 yf 


Je, = Ip, = 250 mA; Io = 5A 
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Motorola Power Transistors 


2N2912 (continued) 


SAFE AREA OF OPERATION 


The safe operating area curve is 
applicable for all case tempera- 


o tures. The thermal derating curve 
= must also be observed to insure 
= 1 msec or less operation below maximum T). 
iB 7 
= e 
Oo = 
| coe 
: Pf VM] : 
S S 
3 \ er 
ag 500 mA S 0 
< 0 25 50 75 100 
Tc, CASE TEMPERATURE (°C) 
0 3 6 9 12 15 
Vee, VOLTS POWER DERATING CURVE 


2N3021 thru 2N3026 Po= 25 W 


Veso = 30-60 V 


PNP silicon power transistors for ClassC power amp- 
lifiers, high-current core switching and high-speed 
switching and amplifier applications. 


ABSOLUTE MAXIMUM RATINGS 


Collector Current (Continuous) | 


Base Current (Continuous) tip | 05 | 05 | 0.5 Amp 
| Power Dissipation Po fo 
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Motorola Power Transistors 


2N3021 thru 2N3026 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 


Characteristics 


Emitter-Base Cutoff Current 
(Ver = 4 Vdc) 


Collector-Emitter Cutoff Current 
25 Vdc, Var = 2 Vdc) 
40 Vdc, 2 Vdc) 
54 Vdc, 2 Vdc) 


All Types 


2N3021, 2N3024 
2N3022, 2N3025 
2N3023, 2N3026 


150°C) 
150°C) 


2N3021, 2N3024 
2N3022, 2N3025 
2N3023, 2N3026 


15 Vdc, 2 Vdc, Tc 
2 Vdc, T 


tow on ur ou 
ul NW iT) i H 1 


C 
2 Vdc, Tc = 150°C) 


35 Vdc, VBE 


Collector-Emitter Breakdown Voltage* 


(Ic = 100 mAdc, Ip = 0) 
(Ic = 50 mAdc, Ip = 0) 
(Ic = 20 mAdc, Ip = 0) 


2N3021, 2N3024 
2N3022, 2N3025 
2N3023, 2N3026 


DC Current Gain 
(I¢ = 1.0 Adc, Vop = 2 Vdc) 2N3021, 2N3022, 2N3023 


2N3024, 2N3025, 2N3026 


Collector-Emitter Saturation Voltage 
(Ic = 3 Adc, Ip = 0.3 Adc) 2N3021, 2N3022, 2N3023 


2N3024, 2N3025, 2N3026 


Base-Emitter Saturation Voltage 

(Ic = 3 Adc, Ip = 0.3 Adc) All Types 
Small Signal Current Gain 

(Ic = 0.5 Adc, Vog = 15 Vdc, f = 30 mc) All Types 
Switching Times (Figures 17 and 18) 

(Ic = 1 Ade, Tp = Ipo = 100 m Adc) 


*Perform tests using sweep method to prevent heating. 


nN 
on 


ray 
wn 


POWER DERATING CURVE 


wo 


THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE AREA CURVES AS 
INDICATED BY FIGURES 2, 3, 4. BOTH LIMITS ARE APPLICABLE 
AND MUST BE OBSERVED 


Pp, AVERAGE POWER DISSIPATION (WATTS) 


Oo 
Oo 


25 75 125 175 
Tc, CASE TEMPERATURE (°C) 


SAFE OPERATING AREAS 


2N3021, 2N3024 2N3022, 2N3025 2N3023, 2N3026 
a BS =e 
=S5 oe no ome 
a GR Vo Sl bE A 2 ee ee 
a DNL Es fc Hi GA a 
g | | INE TANS 
as RENEE 
3 5 V2 Gk TAY\ 8 et 
S 500 usec TDA SEA De SS 
eB (CTTW TSE 
: 5 BVceo @ Ie = 100 mA BREERNANI 
oo oo 
ee A | 
2 Ee (a RA a “| 
oe 
01 


0 10 20 30 40 50 60 


Vce, COLLECTOR EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic- Vce limits below which the devices will not go into secondary breakdown. As the safe operating areas shown are 
independent of temperature and duty cycle, these curves can be used as long as the average power derating curve (Figure 1) is also taken into consideration to 
insure operation below the maximum junction temperature. 
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Motorola Power Transistors 


2N3021 thru 2N3026 (continued) 


Vee;sat), BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


Veetsety, COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


Vecsey COLLECTOR -EMITTER SATURATION VOLTAGE (VOLTS) 


1,, BASE CURRENT (mA) 


BASE-EMITTER SATURATION VOLTAGE VARIATIONS 


roar 
> 


———= 25°C 
mee 150°C 


10 20 40 60 80 100 200 400 "600 700 
ly, BASE CURRENT — (mA) 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS, 2N3021 thru 2N3023 


Uh 
NS ee ll 
Lt npg cert es TT 


8 10 40 60 80 100 400 600 800 1000 
Is, BASE CURRENT (mA) 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS, 2N3024 thru 2N3026 


1 
ie il 
PA RTTNY A T TEN f 
PT ANTE TL TTINTNQ i 
pT ANT ASE ST 
Pt INSITE SSH ee 
pL resp TT eet | LE 


8 10 40 80 100 400 600 800 1000 
i BASE CURRENT mi) 


BASE CURRENT — VOLTAGE VARIATIONS COLLECTOR CURRENT vs BASE-EMITTER VOLTAGE 


nN 


e_ | 


ST TTI 


Ie, COLLECTOR CURRENT (AMPS) 


0.8 1.0 1.2 1.4 
Vee, BASE-EMITTER VOLTAGE (VOLTS) Vee, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N3021 thru 2N3026 (continued) 


hee, CURRENT GAIN 


hee, CURRENT GAIN 


R, RISE TIME FACTOR (NORMALIZED t,/+ ,f-) 


CURRENT GAIN VARIATIONS, 2N3021 thru 2N3023 


60 a _-* fo ff 
En 
50 
|| | pe 
: aes 
0.1 0.2 0.4 0.6 0.8 1 2 4 


Ic, COLLECTOR CURRENT (AMPS) 


CURRENT GAIN VARIATIONS, 2N3024 thru 2N3026 


ee hee 
ae 
oa 
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0.1 0.2 0.4 0.6 0.8 1 2 4 


RISE TIME FACTOR 


RISE TIME (0 — 90%) t, = 74 peR 
Bo = Neg AT EDGE OF SATURATION 
Br = le IN SATURATION / Ip, (BASE “ON’ CURRENT) 


j_| 


ae ee ee 
Rie aad 
eee SS Ge ae 


T,, ACTIVE REGION TIME CONSTANT (nsec) 


0.1 04 O06 08 1 2 
Ic, COLLECTOR CURRENT (AMPS) 


SWITCHING TIME EQUATIONS 


Using charge control theory and data given with this transistor, switching times for a wide variety of conditions 
can be readily computed. For specific information regarding this technique, see Chapter 5 of the Motorola Switching 
Transistor Handbook. 
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Motorola Power Transistors 


2N3021 thru 2N3026 (continued) 


TYPICAL SWITCHING TIMES JUNCTION CAPACITANCE VARIATIONS 
120 T 71 ITTIint | 
T_T 
ae ae 
a ae 
100 oe Nae 
oS 
80 8 LS ae 
j : mee 
2 2 
= 60 = 
s : Su 
- =] 
40 z Mis 
= 50 es 
ae sae 
ie 
20 
0 
0.2 : : A ‘ 0.1 0.2 0406 1 2 4 6810 20 
le, COLLECTOR CURRENT (AMPS) REVERSE JUNCTION VOLTAGE (VOLTS) 
TOTAL CONTROL CHARGE VARIATION 
50,000 
— Vee 
30,000 


20,000 


10,000 


Total Control! Charge. When a transistor is held in a conductive 
state by a current, Is:, a charge, Qs, is developed in the active 
region. A charge, Qr, of opposite polarity, equal in magnitude, 
2N3024 — 2N3026 can be stored on an external capacitor, C, to neutralize the in- 
ternal charge and considerably reduce the turn-off time of the 
transistor. Given Qr from Figure 16A, the external C for mini- 
mum turn-off in any circuit is: C — Qr/V, where V is shown 
in Figure 16B and is Is: Rx. 


NI EEL 
(NCI 


Q,, TOTAL CONTROL CHARGE (pico-coulombs) 


Ice, COLLECTOR CURRENT (AMPS) 
For additional information, see Chapter 5 of the Motorola Switching Transistor Handbook. 


TURN-ON TIME TEST CONDITIONS 


V., ADJUSTED TO |,, USING CURRENT PROBE. 12V 
t, OF INPUT < 10 nsec. SCOPE < 5 nsec. 
1s, = 100 mA 


OUTPUT PULSE 


INPUT PULSE 


Vig —11V 


TURN-OFF TIME TEST CONDITIONS ta IS MEASURED FROM 10% POINT OF V,, 
INPUT PULSE V;, ADJUSTED TO I,, USING 12V 
; CURRENT PROBE. T, < 10 nsec. 
PULSE WIDTH > 10 ysec 
ln. = 100 mA 120 


OUTPUT PULSE 


Vin 0 


View + 9V 


-—11V 


t. IS MEASURED FROM 90% POINT OF V,, 
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2NSSIT thru 2NGO16 | Pc = 170 W 


Voso = 30-60 V 


PNP germanium power transistors for high—power 


CASE 7 applications. 


(TO-36) 


MAXIMUM RATINGS 


as 2N33112N3312—2N3313 
Characteristic anz3ig—2na315——2Nagng Unit 


Collector-Base Voltage 
Collector-Emitter Voltage 
Collector- Emitter Voltage 
Emitter-Base Voltage 

Collector Current (Continuous) 
Power Dissipation at Tc = 25°C 
Junction Temperature Range 


Thermal Resistance 0.5 


POWER-TEMPERATURE DERATING CURVE 


The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case temperatures of 25°C and is 0 Watts 
at 110°C with a linear relation between 
the two temperatures such that: 


P,, POWER DISSIPATION (WATTS) 


10 20 30 40 50 60 70 80 90 100 110 


Te, CASE TEMPERATURE (°C) allowable Pp = 110° - Tc 
0.5 
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Moforola Power Transistors 


2N3311 thru 2N3316 (continued) 
ELECTRICAL CHARACTERISTICS (At Tc = 25°C unless otherwise specified.) 


Characteristic, [symot | in | max | unit 


Collector-Base Cutoff Current IcRo m Adc 
(VcB = VCB max) 
(VcR = -2 Vde, Ip = 0) 


Collector Cutoff Current 
(Vcge = 10 Vdc, Ip= 0) 2N3311, 2N3314 
(Voce = 15 Vdc, Ip= 0) 2N3312, 2N3315 
(Vcg = 20 Vdc, Ip= 0) 2N3313, 2N3316 


i 


Collector Cutoff Current 
(Vcr = 25 Vdc, VBE = 1 Vdc, 


Tc = 100°C) 2N3311, 2N3314 
(Vcr = 40 Vdc, VBE = 1 Vdc, 
Tc= 100°C, 2N3312, 2N3315 
(VcE = 95 Vdc, Veg = 1 Vdc, 


Tc = 100°C) 


2N3313, 2N3316 


Emitter-Base Cutoff Current 
(VEB = VEB max Ic = 9) 


Collector-Emitter Breakdown Voltage* 
(Ic = 300 mAdc, Vpp = 0) 2N3311, 2N3314 
2N3312, 2N3315 

2N3313, 2N3316 


Collector-Emitter Breakdown Voltage* 

(Ic = 500 mAdc, Ip = 0) 2N3311, 2N3314 
2N3312, 2N3315 
2N3313, 2N3316 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 3 Adc, Ip = 300 mAdc) 


Base-Emitter Voltage 
(Ic = 3 Adc, Vog = 2 Vdc) 2N3311 thru 2N3313 
2N3314 thru 2N3316 


BVc Eo" 


DC Current Gain 
; (Ic = 3 Adc, VcB = 2 Vdc) 2N3311 thru 2N3313 
2N3314 thru 2N3316 


(Ic = 500 mAdc, Vcp = 2 Vdc) 2N3311 thru 2N3313 
| 2N3314 thru 2N3316 


Small Signal Current Gain 
(Ig = 3 Adc, Vop = 2 Vdc, 
f = 0.5 kc) 2N3311 thru 2N3313 
2N3314 thru 2N3316 


Common Emitter Cutoff Frequency 
(Ic = 3 Adc, Vcg = 2 Vdc) 
*To avoid excessive heating of the collector junction, 


perform these tests with an oscilloscope. 
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2N3311 thru 2N3316 (continued) 


Ic, COLLECTOR CURRENT (AMPS) 


I¢, COLLECTOR CURRENT (AMPS) 


leso (MILLIAMPERES) 


2N3311, 2N3314 (25 usec to 5 msec pulse) 


\\\ 25-50 usec 
250 usec 
St 500 psec 


| CONT. KO 
sisi PG 


eee 7 | 


170-WATT AVERAGE 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


ee 
0.2 
0.1 
0 10 20 30 40 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
2N3312, “U1 a usec to 5 msec pulse) 
10 
Ic PEAK a 25-50 psec 
250 psec 
5 AWSES 500 usec__ 
4 
3 


re > \ 


170-WATT AVERAGE \ 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Motorola Power Transistors 


SAFE OPERATING AREA 


The Safe Operating Area Curves indicate the Ig-V¢ p limits 
below which the devices will not go into secondary break- 
down. As the safe operating areas shown are independent of 
temperature and duty cycle, these curves can be used as long 
as the average power derating curve is also taken into con- 
sideration to insure operation below the maximum junction 
temperature. 


2N3313, alt (25 usec to § msec ulated 
A \ 


25-50 usec 
250 usec 
500 a 


170-WATT AVERAGE 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


ic, COLLECTOR CURRENT (AMPS) 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


TEMPERATURE CHARACTERISTICS 


Icpo versus TEMPERATURE 
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Bae 
| | 
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See 4 
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Te, CASE TEMPERATURE ( °C) 


DC TRANSCONDUCTANCE versus CASE TEMPERATURE 


To, CASE TEMPERATURE (°C) 


Motorola Power Transistors 


2N3445 thru 2N3448 Po=118W 


lk =7.5A 
Vcso = 80-100 V 


NPN silicon power transistors for switching and amp- 


lifier applications requiring fast response, wide bandwidth 
and good Beta linearity. | 


(TO-3) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic | Symbol Lit cas Unit 
Collector-Base Voltage Vop 80 100 ~—S>—- Volts 
Collector-Emitter Voltage Vor 60 80 Volts 
Emitter-Base Voltage VEB 6 10 Volts 
Collector Current (Continuous) Io 7.5 7.5 Amps 
Base Curent (Continuous) Ip 4.0 4.0 Amps 
Power Dissipation Pp 115 115 ' Watts 
Junction Operating Temperature Range Ty -65 to + 200 oC 


POWER DERATING CURVE 


These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 


Po, AVERAGE POWER 
DISSIPATION (WATTS) 


0 25 50 75 100 12 ©6150 175200 
To, CASE TEMPERATURE (°C) 


SAFE OPERATING AREAS 


a = : The Safe Operating Area 
—+—_\f $ Curves indicate Ic — Vce 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col- 
lector-emitter short. (Duty 
cycle of the excursions make 


till 
Tl 


= 
Sa 


= 
a 
a 


sth 


a 

N 
\ 
are no significant change in these 
y safe areas.) To insure opera- 
ff — tion below the maximum Ts, 
SS SES ST the power-temperature de- 
rating curve must be ob- 


0 10 20 30 40 50 60 0 10 20 30 40 50 60 70 80 served for both steady state 
Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) and pulse power conditions. 


\. 


Ic, COLLECTOR CURRENT (AMPS) 


oom T= 175°C 
en cee Ty = 25°C 
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2N3445 thru 2N3448 (continued) 


Motorola Power Transistors 


ELECTRICAL CHARACTER ISTICS (Tc = 25°C unless otherwise noted) 


Emitter-Base Cutoff Current 
(Vep = 6 Vdc) 
(Veep = 10 Vdc) 


Collector-Emitter Cutoff Current 
(Vcr = 60 Vdc, VBE = -1 Vdc) 
(Vcr = 60 Vdc, VBE = ~1 Vde, Tc 
(VCE = 80 Vdc, Vpp = -1 Vdc) 
(Vcr = 80 Vdc, Vpr = -1 Vdc, Tc 


Collector-Emitter Cutoff Current 
(Vcr = 40 Vdc, 1B = 0) 


2N3445, 2N3447 
2N3446, 2N3448 


2N3445, 2N3447 
2N3445, 2N3447 
2N3446, 2N3448 
2N3446, 2N3448 


Hou ow 
hou 


150°C) 


2N3445, 2N3447 
2N3446, 2N3448 


Collector-Base Breakdown Voltage 
(I 
Cc 


2N3445, 2N3447 


= 1 mAdc, Ip 
2N3446, 2N3448 


= 0) 


Collector-Emitter Sustaining Voltage 
(Ic = 100 mAdc, Ip= 0) 2N3445, 2N3447 


2N3446, 2N3448 


pC Current Gain 


(Ic = 0.5 Ade, Vopr = 5 Vde) 2N3445, 2N3446 
2N3447, 2N3448 
2N3445, 2N3446 


3 Adc, Vcr 5 Vdc) 
2N3447, 2N3448 


5 Adc, Veg = 5 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 3 Adc, Ip = 0.3 Adc) 
(Ic = 5 Ade, Ip = 0.5 Adc) 


Base-Emitter Saturation Voltage 
(Ic = 3 Ade, Ip = 0.3 Adc) 
(Ic = 5 Adc, Ip = 0.5 Adc) 


Base-Emitter Voitage 
(Ie = 3 Adc, Vcr = 
(Ic = 5 Adc, VCE = 


Small Signal Current Gain 
(Voz = 10 Vdc, Ic = 0.5 Adc, f = 


2N3445, 2N3446 
2N3447, 2N3448 


2N3445, 2N3446 
2N3447, 2N3448 


5 Vdc) 
5 Vdc) 


2N3445, 2N3446 
2N3447, 2N3448 


2N3445, 2N3446 
2N3447, 2N3448 


(Vcg = 10 Vdc, Ip = 0.5 Adc, f = All Types 


Common Base Output Capacitance 
(Vop = 10 Vdc, f = 0.1 me) 


Switching Times 
(Vcc sz 25 Vdc, R,, = 5 ohms, Ip = 5 A, Ipy = Ipe = 0.5 A) 
Delay Time plus Rise Time 
Storage Time 
Fall Time 


COLLECTOR CURRENT versus BASE CURRENT 


SEY ai, Ber 
El ey, (72a 


Ad 


=i oes 


Cra AC 
in a) 20 


me A): aati imi ama 


0.1 02 05 10 20 50 10 20 50 100 200 5001000 
1,, BASE CURRENT (mA) 


Ic, COLLECTOR CURRENT (AMPS) 


0.05 


0.02 


Ic, COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors 


2N3445 thru 2N3448 (continued) 


CURRENT GAIN VARIATIONS 


hee, CURRENT GAIN 


0.1 - 0.2 0.3 04 05 0.7 1.0 40 5.0 7.0 10 


hee, CURRENT GAIN 


an eer ee 


ET 
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_ Ig, COLLECTOR CURRENT (AMPS) 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 
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Motorola Power Transistors 


2N3445 thru 2N3448 (continued) 


COLLECTOR CURRENT-VOLTAGE BASE CURRENT-VOLTAGE 
VARIATIONS VARIATIONS 


fd 
bh — 
Si > 
& & 
> [aif 
oO > 
oc oO 
Oo uy 
a ” 
5 g 
a o 
= 3 
eo 
L 
em 
"250 0.2 04 O06 08 10 12 «214 0 0.2 0.4 0.6 0.8 1.0 1.2 
Vee, BASE-EMITTER VOLTAGE (VOLTS) Vee» BASE-EMITTER VOLTAGE (VOLTS) 
TYPICAL SWITCHING TIMES 
10,000 —— —— a et aes TEST CIRCUIT 
= le == 5A, Igy = Igy = 0.5A 
sia n= ad le ten ~ 30 usec fw 150 cps DUTY CYCLE ~ 2% 
le ee WAVE SHAPE +30V 
PR ne RT RE HS an a ae oe AT POINT A 
Srey eee eae a ee Lay 
— aun Geen 
© 50 = let phen 4.8 
© = i ~1.7msec msec 
= | 1002) 202 
= 200 Pd 1W 1W 
S Bae a A 
2 ng ee 
ps RELAY. 
50 -—T+— He S 
aan Al 
20 -—7— = + 62V 
10 ae ie 
0.1 02 03 05 07 10 20 30 50 
lc, COLLECTOR CURRENT (AMPS) = 
ACTIVE REGION TIME CONSTANT 
60 


all 
eve BO ff ke 
ves 0.9 6, ln (=a5a75) ++ 


R, RISE TIME FACTOR 


ra, ACTIVE REGION TIME CONSTANT (nsec) 


ts we Mee pe sel ie shales a es AL 
ae Saas | es ee | 
0.1 0.2 0.3 0.5 0.7 1.0 20 3.0 5.0 1 2 3 5 7 10 20 30 50 70 100 
Ic, COLLECTOR CURRENT (AMPS) Bo/ Bz 
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Motorola Power Transistors 


2N301 1 thru 2N3614 


Po = 85 W 
Ilc=7A 


Vcso = 40-6 V 


PNP germanium power transistors for switching and 
amplifier applications. 


Emitter-Base Voltage 
Collector Current (Continuous) 


Peak Collector Current (PW < 5 msec) 
Base Current (Continuous) 


Storage Temperature Range 
Operating Case Temperature Range 


Ic, COLLECTOR CURRENT (AMPS) 


Total Device Dissipation @ Tc = 
Derate above To = 


25°C 
25°C 


EXPANDED 
OW CURRENT AREA 
SEE NOTE 


SAFE 
AREA 


_— 


20 mA 
Icpo LIMIT 
0 30 40 


5 10 15 20 25 30 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


NOTE — The Safe Operating Area Curves indicate 
I,-Veg limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera- 
ture and duty cycle of the excursions make no signifi- 
cant change in these safe areas.) The load line may 
exceed the BVogg voltage limit only if the collector 
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SEE NOTE 


ee 
| LIMIT 


60 


Ic, COLLECTOR CURRENT (AMPS) 


0 5 10 15 20 25 30 35 40 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS). 
current has been reduced to 20 mA or less before or 
at the BVerg limit; then and only then may the load 
line be extended to the absolute maximum voltage rat- 
ing Of BVego. To insure operation below the maximum 


_ Ty, the power-temperature derating curve must be ob- 


‘served for both steady state and pulse power condi- 
tions. 


Motorola Power Transistors 


2N3611 thru 2N3614 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristics 


Collector-Emitter Breakdown Voltage* 
(I, = 250 mAdc) 2N3611, 2N3613 
2N3612, 2N3614 


Collector-Emitter Breakdown Voltage* 
(I, = 500 mAdc) 2N3611, 2N3613 
2N3612, 2N3614 


Floating Potential 
(You = Yop ™*) 


Collector-Emitter Leakage Current 
(Vag = 1/2 Vo 


EO max) 


Collector-Emitter Leakage Current 


(Vor = Vor max, VBE = 1.0 Vdc, T,, = +100°C) 


: All Types 


Collector-Base Cutoff Current 
(Voz = 2 Vdc) All Types 


(Von = 25 Vdc) 2N3611, 2N3613 
= 40 Vdc) . 2N3612, 2N3614 


(Vop* 
(Yop = All Types 


Emitter-Base Cutoff Current 
(Vip = Vip max) All Types 


(View = 12 Vdc) All Types 


Collector-Emitter Saturation Voltage VoK(sat) 
(I, = 3 Adc, I, = 300 mAdc) All Types 
(I, = 7 Adc, I, = 700 mAdc) All Types 
Base-Emitter Saturation Voltage VBE (sat) 
(I, = 3 Adc, I, = 300 mAdc) 2N3611, 2N3612 
2N3613, 2N3614 
(Ig = 7 Adc, I, = 700.mAdc) 2N3611, 2N3612 
2N3613, 2N3614 - 
SFE 


t 


Transconductance 


(Iq = 3 Adc, Vor = 2 Vdc) 2N3611, 2N3612 
2N3613, 2N3614 


Small Signal Current Gain 
(In = 0.54, Vor = 12 V, f = 20 kc) All Types 


= 
on 


(In = 0.54, Vor = 2V, f=1 kc) 2N3611, 2N3612 
2N3613, 2N3614 


DC Current Gain 
(Ip = 3 Adc, Vor = 2 Vdc) 2N3611, 2N3612 
2N3613, 2N3614 


= 2 Vdc) 2N3611, 2N3612 


(I, = 7 Ade, V 
2N3613, 2N3614 


CE 


Som Q2w D 
eset | 


*Sweep Test: 1/2 sine wave, 60 cps 


POWER-TEMPERATURE DERATING CURVE 


@T, @Tc FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 

_ 5 100 

ge 85 

These transistors are es 4 8 

also subject to safe area zz 3 60 
curves. Both limits are ae 26 

applicable and must be = B 2 40 

observed. = S 1 20 

£5 9 9 


TEMPERATURE (°C) 
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— Motorola Power Transistors 


2N3611 thru 2N3614 (continued) 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 


TYPICAL SWITCHING TIMES 


Ic, COLLECTOR CURRENT (AMPS) 


3 
3 
Z 
= 
_— 
= 
= 
= 
B 
0.3 0.5 0.7 1.0 2.0 30 5.0 6.0 
Vee, BASE-EMITTER VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (AMPS) 


DC CURRENT GAIN versus COLLECTOR CURRENT 


hee, DC CURRENT GAIN 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


\ ' 
Oe ee 


0.5 


0.4 


\ at 

: \ N ’ N hs hi, Mica hee 40°C 
CUTENESS | 

| USS Ras 
TE Sst PSs SST" 
01 > ee SS fl ee, 

ie 

5 7 10 20 30 50 100 200 300 500 1000 2000 


0.3 


0.2 


Voe;sat), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


70 
Ip, BASE CURRENT (mA) 


700 
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Motorola Power Transistors 


2NG015 thru 2N3618 Po = 85W 


Ic =7A 
Vero = 80-100 V 


PNP germanium power transistors for switching and 
amplifier applications. 


MAXIMUM RATINGS 


2N3615 2N3616 


Characteristics Symbol oN3617 oN3618 Unit 
Collector-Emitter Voltage Vors 60 15 
Collector-Emitter Voltage Vcro 50 60 
(Open Base) 

Collector-Base Voltage Vespo 80 | 100 

Emitter-Base Voltage VeRO 40 50 

Collector Current (Continuous) In 7 

Peak Collector Current Io 15 

(PW = 5 msec) 

Base Current (Continuous) Ip 2 

Storage Temperature T stg -65 to+110 C 

Operating Case Temperature To -65 to+110 C 

Total Device Dissipation Pp Watts 
@Tc = 25°C 85 
Derate above 25°C 1 w/°Cc 

Thermal Resistance, 0JC 1.0 °Cc/w 
Junction to Case | 

Thermal Resistance, OCA 32.7 °c/w 


Case to Ambient 


Pp, ALLOWABLE AVERAGE 
POWER DISSIPATION (WATTS) 


| TEMPERATURE (°C) 
These transistors are also subject to safe area curves 


Both limits are applicable and must be observed. 
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Motorola Power Transistors 


2N3615 thru 2N3618 (continued) 


ELECTRICAL CHARACTERISTICS (at-T. = 25°C unless otherwise specified) 


Characters ee es 


Collector-Emitter Breakdown Voltage* 
(In = 250 mAdc) 2N3615, 2N3617 
2N3616, 2N3618 


Collector-Emitter Breakdown Voltage* 
(I, = 300 mAdc) 2N3615, 2N3617 
2N3616, 2N3618 


Floating Potential 
(Yap 7 Vos max) All Types 


Collector-Emitter Leakage Current 
(Vor = 1/2 Voro max) All Types 


Collector-Emitter Leakage Current 


(Vag = Vag max, V,,, = 1.0 Vdc, T,, = +100°C) 
CE CE BE Cc All Types 


“aad 
mAdc 
— 10 


60 
75 


Collector-Base Cutoff Current 
All Types 


2N3615, 2N3617 
2N3616, 2N3618 
All Types 


Emitter-Base Cutoff Current Adc 
(Ves = VERB max) All Types 500 
(Ves = 12 Vdc) All Types 100 

Collector-Emitter Saturation Voltage Vor(sat) 

(I, = 3 Adc, I, = 300 mAdc) All Types 
(I, = 7 Adc, I, = 700 mAdc) All Types 

Base-Emitter Saturation Voltage VBE(sat) 

(1 = 3 Adc, I, = 300 mAdc) 2N3615, 2N3616 7 
2N3617, 2N3618 : 

(i, =17 Adc, I, = 700 mAdc) 2N3615, 2N3616 : 
2N3617, 2N3618 


Transconductance Sor mhos 
(I, =3 A, Vp = 2) 2N3615, 2N3616 : 
: 2N3617, 2N3618 


Small Signal Current Gain 
(I =0.5 A, Vor = 12 V, f = 20 kc) All Types 
(Io = 0.5 A, Vor =2V, f=1 kc) 2N3615, 2N3616 100 
2N3617, 2N3618 150 
DC Current Gain 
(I, = 3 Adc, Vor = 2 Vdc) 2N3615, 2N3616 
2N3617, 2N3618 
(I, = 7 Adc, Vor = 2 Vdc) 2N3615, 2N3616 
2N3617, 2N3618 


*Sweep Test: 1/2 sine wave, 60 cps 
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2N3615 thru 2N3618 (continued) 


Motorola Power Transistors———— 


SAFE OPERATING AREAS 


2N3615 and 2N3617 


— 
Eo 
ae 
cease 
ao 
Pee 
bate 
7 


0 * 10 20 30 40 50 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


NOTE The Safe Operating Area Curves indicate 
I.-Vex limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera- 
ture and duty cycle of the excursions make no signifi- 
cant change in these safe areas.) The load line may 
exceed the BVoyg voltage limit only if ithe collector 


B @ 
=, = 

< 
= — 
= z 
S ? 5 
= 15 2 
Si EXPANDED ac 
Sl LOW CURRENT AREA 3 
3 07 3 
6 05 # 


2N3616 and 2N3618 


0 10 20 30 40 90 60 
Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


current has been reduced to 20 mA or less before or 
at the BV,.,.. limit; then and only then may the load 
line be extended to the absolute maximum voltage rat- 
ing of BVigy. To insure operation below the maximum 
T,, the power-temperature derating curve must be ob- 
served for both steady state and pulse power condi- 
tions. 


DC CURRENT GAIN versus COLLECTOR CURRENT 


Eiri ee 
Ty tt 
TTT A 
i ee 
| 


+ 
2m wee 


hee, DC CURRENT GAIN 


0.01 0.015 0.02 0.03 0.05 0.1 O15 02 0.3 0.5 1.0 


Ic, COLLECTOR CURRENT (AMPS) 


15 2.0 3.0 5.0 10.0 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


tN ETN 
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Voe(sat), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N3615 thru 2N3618 (continued) 


BASE CURRENT versus BASE-EMITTER VOLTAGE 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 


OT 
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NST IT 
CONUS eT T 
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0.1 


0 


Vee, BASE-EMITTER sine (VOLTS) 


NOTE 1 — Dotted line indicates Metered Base Current plus the Igyo of the transistor at 100°C. 


. COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 


ee 


TYPICAL SWITCHING TIMES 
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me 
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Ic, COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors 


2N37 13 thru 2N3716 en 
Veso = 80-100 V 


NPN silicon power transistors for medium-speed 
switching and amplifier applications. 
CASE 1 
(TO-3) 


MAXIMUM RATINGS 
rae ae 
Characteristic 2N3715 | 2N3716 
Terao | Yeno | © | i 
[cats snitervatoes | vero | @ | # | vats 
[es 


Emitter-Base Voltage VEBO 7 


Base Current (Continuous) Ip 4.0 4.0 Amps 


Power Dissipation 150 


Operating Junction and 
Storage Temperature Range 


Ic, COLLECTOR CURRENT (AMPS) 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate I, — Vo, limits cant change in these safe areas.) To insure operation below 
below which the device will not go into secondary break- the maximum T,, the power-temperature derating curve 
down. Collector load lines for specific circuits must fall must be observed for both steady state and pulse power 
within the applicable Safe Area to avoid causing a collector- conditions. 


emitter short. (Duty cycle of the excursions make no signifi- 
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Motorola Power Transistors 


2N3713 thru 2N3716 (continued) 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Emitter-Base Cutoff Current 
(Vep = 7 Vdc) All Types 


Coliector-Emitter Cutoff Current 
= 80 Vdc, Vpp = -1.5 Vdc) 2N3713, 2N3715 
EB = 100 Vdc, Vppe -1.5 Vdc) . 2N3714, 2N3716 
E = 80 Vdc, Vpr = -1.5 Vde, To = 150°C) 2N3713, 2N3715 
(Vop =80 Vde, Ver = -1.5 Vdc, To = 150°C) 2N3714, 2N3716 


Collector-Emitter Sustaining Voltage* 
(Ig = 200 mAdc, Ip = 0) 2N3713, 2N3715 
2N3714, 2N3716 


VcEO (sus) : 


DC Current Gain * 
(Ig = 1 Adc, Vcg = 2 Vdc) 2N3713, 2N3714 
2N3715, 2N3716 
(Ig = 3 Adc, Vag = 2 Vdc) 2N3713, 2N3714 
2N3715, 2N3716 


bpE * 


'Collector-Emitter Saturation Voltage bs 
(Ic = 5 Adc, Ig = 0.5 Adc) 2N3713, 2N3714 
2N3715, 2N3716 


VcR(sat) * 


Base-Emitter Saturation Voltage * VBE(sat) * 
(Ig = 5 Adc, Ip = 0.5 Adc) 2N3713, 2N3714 
2N3715, 2N3716 


Base-Emitter Voltage ig 
(Io = 3 Adc, Vop = 2 Vdc) All Types 


Small Signal Current Gain 
(VcR = 10 Vde, Ic = 0.5 Ade, f = 1 mc) All Types 


Switching Times 
(I. =5A,1,, = 1 = 0.5 A) 
ise Timer. Be 
Storage Time 
Fall Time 


*Use sweep test to prevent overheati: ig 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


A | | 


SEE NOTE 2 


nol 


Rite: ase 


Veetsat), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


00 
Ip, BASE CURRENT ( 
BASE-EMITTER SATURATION VOLTAGE VARIATIONS 


= 


Vee(sat) BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


10 20 30 50 70 100 200 300 500 700 1000 2000 
__ Ip, BASE CURRENT (mA) 
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Motorola Power Transistors 


_2N3713 thru 2N3716 (continued) 


COLLECTOR CURRENT versus BASE CURRENT 
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COLLECTOR CURRENT-VOLTAGE VARIATIONS 


Ip, BASE CURRENT (mA) 
BASE CURRENT-VOLTAGE VARIATIONS 


pai 


(SdW¥) INIYYND YOL9ITIO9 ‘1 


ba 


175°C 
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oy 
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Ty 


(vu) INIUYND Isva “ 


in S 


eee 2s 


Vee, BASE-EMITTER VOLTAGE (VOLTS) 


Vee, BASE-EMITTER VOLTAGE (VOLTS) 


NOTE 1. Dotted line indicates metered base current plus the Iczo of the transistor at 175°C . 


TYPICAL SWITCHING TIMES 


NOTE 2. Pulse test: pulse width . 200 usec, duty cycle — 1.5% 


TEST CIRCUIT 


je tog ~ 30 uSeC 


0.5A 


=> 5A, tei = lhe —— 


f =~ 150 cps OUTY CYCLE ~ 2% 


WAVE SHAPE 


j AT POINT A 


le 


+11.5V 


etn —phe~ as 


~1.7msec msec 


1000 


1W 


Ic, COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors 


2N3713 thru 2N3716 (continued) 


hee, CURRENT GAIN 


hee, CURRENT GAIN 


fr, CURRENT GAIN —- BANDWIDTH PRODUCT (mc) 


CURRENT GAIN VARIATIONS 
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CURRENT GAIN— BANDWIDTH PRODUCT versus COLLECTOR CURRENT 


Ic, COLLECTOR CURRENT (AMPS) 
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PNP silicon annular power transistors for high- 
speed, high-current switching in core, driver and 


Motorola Power Transistors 
Class C power applications. 


(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


2no/ 19 
2n3/20 


CASE 31 


Amps 
Amps 

Amp 
Watt 
mw/°C 


a 
Total Device Dissipation @ T, = 25°C 1.0 
Derate above 25°C 5.72 
Total Device Dissipation @ Tg = 25°C Watts | 
Derate above 25°C mw/°Cc 
Operating Junction and Storage Ty and ~65 to +200 ° | 
Temperature Range T stg 


3 
2N3720 
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[conecir-tase vote | Yep | # | © | Yous 


Collector- Emitter Voltage 


Emitter - 


(SdW¥) 1N3BYND YO193T109 "71 


6-99 


Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Motorola Power Transistors 


2N3719 and 2N3720 (continued) 
ELECTRICAL CHARACTERISTICS (at Tc = 25°C unless otherwise noted) 


Characteristic 


Collector Leakage Current 
(Vcr = 40 Vdc, VBE = 2 Vdc) 2N3719 


(Vog = 60 Vdc, Veg = 2 Vdc) 2N3720 


Collector-Base Cutoff Current 
(Vop = 40 Vde, I, = 0, Ta = 25°C) 2N3719 


(Vop = 40 Vde, Ig = 0, Ta = 150°C) 2N3719 
(Vop = 60 Vde, Ip = 0, Ty = 25°C) 2N3720 
(Vop = 60 Vde, Ig = 0, Ta = 150°C) 2N3720 - 


ee EEE 
Emitter-Base Cutoff Current 
(VBE = 4 Vde, Ic = 0) 


DC Current Gain* 
(Ig = 500 mA, Vog = 1.5 V, Ty = 25°C) 
(lg = 1 A, Vog = 1.5 V, Ta = 25°C) 
(ig = 1A, Vog = 1.5 V, Ta = -40°C) 
Collector-Emitter Saturation Voltage* VcE(sat)* 
(Ic = 1A, Ig = 100 mA, Ty, = -40 to +100°C 
(Ic = 3A, Ip = 300 mA, Ta = 25°C) 


Base-Emitter Saturation Voltage* a 


(I¢ = 1A, Ip = 100 mA) 
(Ic = 3 A, Ip = 300 mA) 


VBE(sat) 


Collector-Emitter Breakdown Voltage* 
(Ic = 20 mA, Ip = 0). 2N3719 


2N3720 


BVcRo* 


Collector Output Capacitance 
(Vcp = 10 Vde, Ip = 0, f = 100 kc) 


Input Capacitance 
(Ver = 0.5 Vdc, I, = 0, f = 100 ke) 


Current-Gain — Bandwidth Product 
(Vor = 10 Vdc, Ic = 500 mAde, f = 30 mc) 


Delay Plus Rise Time (Figure 14) 
(ic-= 1 Adc, Ip, = 100 mA) 


Storage Time (Figure 15) 
(Ig =] Adc, Ipi = Ipo = 100 mA) 


Fall Time (Figure 15) 
(Ic = 1 Adc, Ip; = Ipg = 100 mA) 


Vee(sotys BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


I,, BASE CURRENT (mA) 
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Motorola Power Transistors 


2N3719 and 2N3720 (continued) 


CURRENT GAIN VARIATIONS 


120 
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Ic, COLLECTOR CURRENT (AMPS) 


BASE CURRENT — VOLTAGE VARIATIONS COLLECTOR CURRENT vs BASE-EMITTER VOLTAGE 
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Vue, BASE-EMITTER VOLTAGE (VOLTS) Vee, BASE-EMITTER VOLTAGE (VOLTS) 


TYPICAL SWITCHING TIMES TOTAL CONTROL CHARGE VARIATION 


TIME (nsec) 
Q,, TOTAL CONTROL CHARGE (pico-coulombs) 


0.2 0.5 1.0 2.0 3.0 0.1 0.2 0.5 1 2 
le, COLLECTOR CURRENT (AMPS) lc, COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors 


mP500 thru me502 Po =170W 


lc = 60A 
mP504 thru mP506 Vero = 45-75 W 


PNP germanium power transistors for high-gain, 
high-power amplifier and switching applications in high 
reliability industrial equipment. 


CASE 7 
(TO-36) 


MAXIMUM RATINGS 


a MP500 MP501 MP502 
Characteristic MP504. MP505 MP506. 


Collector-Base Voltage 60 1 


Collector-Emitter Voltage: 60 15 


Collector-Emitter Voltage 45 60 
Emitter-Base Voltage 30 40 
Collector Current 60 _ 60 
Power Dissipation at Ta = 25°C : 170 170 


Junction Temperature Range +——————  -65 tot 110 ————— 


POWER DERATING POWER-TEMPERATURE DERATING CURVE 


; 2 175 —— 

The maximum continuous power is related to maximum = 150 TN 0 watts maximum [|] | 
junction temperature by the thermal resistance factor. z PL ee ee 

This curve has a value of 170 Watts at case temperatures 2S 125 
of 25°C and is 0 Watts at 110°C with a linear relation be- = 100 Lo Oh eee ced 
tween the two temperatures such that: B 75 pt | | tT | UN TT 
= es ID 
allowable Py = —-2—— 1c eaten bbe oA Us ie 
05 yee a a Ge A a 


10 20 30 40 50 60 70 80 90 100 110 
Te, CASE TEMPERATURE (°C) 


SAFE OPERATING AREA 
MP500, MP504 MPS01, MPS05 MP502, MP506 


. PRIN NEN AT PT 
YVR RAR YA 


50 Se Sr 
H | SAANA 


rh PKA te ax, 
30 We — DSA tte 


500 usec 
250 usec 


Na\See 
oN 


170-W, 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


70-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 
COLLECTOR CURRENT (AMPERES) 


0.1 0.1 
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80 90 


COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) | 
The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum T;, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. State and pulse power conditions. 


6-102 


Motorola Power Transistors 


MP500 thru MP502 MP504 thru MP506 (continued) 


ELECTRICAL CHARACTERISTICS 


LTPD applies to ““MEG-A-LIFE” units only 


Characteristic 


Collector-Base Cutoff Current (Note 1) 
(Vom = -45 V, Ip = 0) MP500, MP504 
(Vop = -60V, Ip = 0) MP501, MP505 
(VcR = -75 V, Ip = 0) MP502, MP506 

Collector-Base Cutoff Current 
(Vop = VoBmax: Ig = 0, Te = +71°C) 

Collector-Base Cutoff Current 
(Voz = -2V, Ip = 0) 


Emitter-Base Cutoff Current (Note 1) 
(Veep = 25 V, Ic = 0) 
(Vep = -30 V, Ic = 0) 
(Veep = -40 V, Ic = 0) 
Emitter-Base Cutoff Current 
(Ves = Vepmax kc * % Te = 


Ht 


i ott 


All Types 
All T;;pes 


MP500, MP504 
MP501, MP505 
MP502, MP506 


+71°C) All Types 


(At 25°C case temperature unless otherwise specified) 


Collector-Emitter Breakdown Voltage (Notes 1 and 2) — 
(Ic = 300 mA, Vep= 0) 


Ie, COLLECTOR CURRENT (AMPS) 


MP500, MP504 
MP501, MP505 
MP502, MP506 


Collector-Emitter Breakdown Voltage (Notes 1 and 2) 
(Ig = LOA, Ip = 0) MP500, MP504. 
MP501, MP505 
MP502, MP506 


Floating Potential (Note 1) 
(Vop = 45 V, Ig = 0) 
(Vop = 60 V, Ig = 0) 
(VoBp = 95 V, Ip = 0) 


DC Current Transfer Ratio (Note 1) 
(Ic = 154, Vop = 2 V) 


MP500, MP504 
MP501, MP505 
MP502, MP506 


MP500 through MP502 


MP504 through MP506 


Collector-Emitter Saturation Voltage 
(Ic = 15 A,Ip= 1A) 
(Ic = 50 A, Ip = 5 A) 
Base-Emitter Saturation Voltage 
(lg = 15 A, Ip= 1A) 
(Ig = 50 A, Ip = 5 A) 
Common Emitter Cutoff Frequency 
(Ig = 15 A, Vop = 2 V) 


All Types 


All Types 
All Types 


All Types 
All Types 


All Types 


INPUT AND TRANSFER CHARACTERISTICS 


COLLECTOR CURRENT 
versus BASE-EMITTER VOLTAGE 


7 
_7/ an 
en 
oan 


60 


50 


40 


30 


20 


10 


2.5 


2.0 


Vee, BASE-EMITTER VOLTAGE (VOLTS) 
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hee, DC FORWARD CURRENT GAIN 


DC CURRENT GAIN 
versus COLLECTOR CURRENT 


120 


100 


80 


, N\ 
NS=s 
ne 


40 


20 el 


* 
im 


50 60 


0 10 20 30 40 


Ic, COLLECTOR CURRENT (AMPS) 


Motorola Power Transistors 


mp2060 thru mp2063 ay as 


Veso = 80-100 V 


CASE 1 : . PNP germanium power transistors for audio amplifier 
(TO-3) applications. ? 


MAXIMUM RATINGS 


Characteristics 
Collector-Emitter Voltage CES ) 30 | 45 | 60 | 
Collector-Emitter Voltage VcEO 
(Open Base) 

Collector-Base Voltage VcBo | 40 | 60 | 75 | 


Emitter-Base Voltage VEBO 
Collector Current (Continuous) 


ns —___»> 
—— SS 
Peak Collector Current Ig <—_—_———_ 15 ——__> 
<—————- ——___> 


Vdc 
[Base Current (Continous) | ty 


(PW = 5 msec) 


Total Device Dissipation 
@To = 25°C 
Derate above 25°C <.——— 1 ————_» | w/c 
Thermal Resistance 63C 1.0 0C/W 
Junction to Case 
CA 


Thermal Resistance ) 32.7 °C/W 
Case to Ambient 


@Tc POWER-TEMPERATURE DERATING CURVE 


Pp, ALLOWABLE AVERAGE 
POWER DISSIPATION (WATTS) 


TEMPERATURE (°C) 
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Motorola Power Transistors 


MP2060 thru MP2063 (continued) 


ELECTRICAL CHARACTERISTICS (At Tc = 25°C unless otherwise specified) 


DC Forward Current Gain (Note 1) 
(Ic = 3 Adc, Ver = 2 Vdc) All Types 


Current Gain-Bandwidth Product 
(Ic = 0.5 Adc, Vog = 12 Vdc) All Types 


fy 
Collector-Emitter Saturation Voltage VcR(sat) 
(Ic = 3.0 Adc, Ip = 0.3 Adc) All Types 
Base-Emitter Saturation Voltage VBE(sat) 
(Ig = 3.0 Adc, I, = 0.3 Adc) All Types 
DC Transconductance 
(Ig = 3.0 Adc, Vop = 2 Vdc) All Types 


Collector-Emitter Breakdown Voltage* 
(Ig = 250 mAdc) MP2060 
MP2061 
MP2062 
MP2063 


Collector-Emitter Sustaining Voltage* BV * 
(ig = 500 mAdc) MP2060 a 
MP2061 
MP2062 
MP2063 


Collector-Base Breakdown Voltage BVcRo 
(Ic = 20 mAdc) MP2060 
MP2061 
MP2062 
MP2063 


Collector-Base Cutoff Current Iono 
2 Vdc) All Types 

25 Vdc) MP2060 

35 Vdc) MP2061 

40 Vdc) MP2062 

60 Vdc) MP2063 


Collector-Emitter Cutoff Current 
(Vor = 30 Vde, VBE(off) =1 Vde, To = 100°C) 
. MP2060 
(Voce = 45 Vdc, VBE(off) = 1 Vde, Tc = 100°C) 
MP2061 
(Vor = 60 Vdc, VBE(off) = 1 Vde, To = 100°C) 
MP2062 
(Vog = 75 Vde, Veg(ogt) = 1 Vde, Tc = 100°C) 
MP2063 


Emitter-Base Cutoff Current 
(VgRr= 20 Vdc) All Types 


Input Impedance 
(Ig =-500 mAdc, Vop = -12 Vdc, ip = 1 mAdc, f = 1 ke) 


Distortion 
(Ig =-500 mAdc, Vog = -12 Vde, Ry = 30 onms, R; = 25 ohms, 


Ry (unbypassed) = 0.33 ohm, Poyt = 2 watts) 


*Sweep Test: 1/2 sine wave, 60 cps 
Note 1: 


Upon customer’s request the transistors will be numerically coded to identify matched pairs. 
The DC current transfer ratios are sorted into approximately 1:1.5 ranges. Any two devices 


within a bracket constitute a matched pair. No guarantee is made of gain distribution; bracket 
selection available at a slight increase in price. 


Ic = 3 Adc, Vog = 2 Vdc Min. DPE Max. 
Appropriate MP# -1 30 45 
-2 40 60 
~3 50 75 
~4 60 90 
-5 80 120 
~6 100 150 
-7 130 200 
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MP2060 thru MP2063 (continued) 


COLLECTOR-EMITTER CURRENT versus BASE-EMITTER RESISTANCE 


[ea ey SD Le a 
pe eo ee 


s 


Icer, COLLECTOR-EMITTER CURRENT (mA) 
s 8s 


-— 
c—] 


aaa ae ieee 

PT TT ET | vee te Vero | 
a ie a a 
001.003 .005 01 03 05 O01 0305 1 3 5 10 
Ree, BASE-EMITTER RESISTANCE (K OHMS) 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 


N 
MS 


Ic, COLLECTOR CURRENT (AMPS) 


Vee=2V 


fo hey 
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-_ 
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eae 
aeeancee 
ae 
| 
= 


0 0.2 04 0.6 08 10 
Vee, BASE-EMITTER VOLTAGE (VOLTS) 


Motorola Power Transistors 


NORMALIZED COLLECTOR-BASE CURRENT versus JUNCTION TEMPERATURE 


lceo, COLLECTOR-BASE CURRENT (NORMALIZED) 


le, COLLECTOR CURRENT (mA) 


Ty, JUNCTION TEMPERATURE (°C) 


-COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 


Vee = % Veto 


03 02 0.1 0 -01 -047 -03 
| Vee, BASE-EMITTER VOLTAGE (VOLTS) 


DC CURRENT GAIN versus COLLECTOR CURRENT 


hee, DC CURRENT GAIN 


ATL 


010 030 050 0.1 


id 
i 
Lo 


Ic, COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors 


MP2060 thru MP2063 (continued) 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


(SLIOA) JOWLTOA NOLLVUNLYS YSLLIWFYOLIITION “139, 


Is, BASE CURRENT (mA) 


MP2061 


MP2060 
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A WORD ABOUT ANNULAR... 


Cross Section of an Annular Transistor 


UX CONTACTS 


P+ ANNULAR BAND 


TERMINATES CHANNEL Si0, PASSIVATION 


INARA NUNN. ava ee soe 
: wanes P22 yaa + EM ee EER GH & ULL LLL LT 
: me REGION a 

COLLECTOR-BASE JUNCTION N-TYPE BASE REGION 


INDUCED 
Sch P-TYPE EPITAXIAL COLLECTOR REGION N-TYPE CHANNEL 


P+ SUBSTRATE 


For more than 2 years... 


Motorola has demonstrated the advantages of the annular 
process in its line of high-frequency silicon transistors. 

This Motorola-developed process represents the most advanced 
means for manufacturing highly reliable, high-performance, surface- 
passivated silicon transistors. Initially developed as an answer to 
channeling, which prevents the fabrication of high-voltage PNP 
transistors by conventional surface passivation methods, it has been 
continually refined to provide a proven history of extreme stability 
and exceptionally long-term reliability. 

The annular structure overcomes the randomly induced chan- 
neling problem with a deliberately induced channel, with controlled 
characteristics, terminated by means of an annular diffused 
region that prevents the spread of the channel to the unpassivated 
edges of the transistor chip. 

The advantages of the annular process are inherent in all 
Motorola PNP and NPN high-frequency transistors as well as other 
types of semiconductor devices. 

For more detailed information on the Motorola annular process, 
send for the “Annular Process”’ brochure. 
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MOTOROLA 
LOW-FREQUENCY, LOW-POWER TRANSISTORS 


7-1 


e For devices meeting military specifications, see page 1-18. 
e For Meg-A-Life devices with certified reliability, see page 1-21. 


e For case outline dimensions, see page 1-26. 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


LOW-FREQUENCY, LOW-POWER TRANSISTORS 


The Motorola line of low-frequency, low-power transistors, sometimes called 
the "milliwatt" line, consists of a wide selection of highly reliable germanium 
PNP devices designed for general purpose switching, and control applications. 


The line is generally characterized by devices having a power rating to 225 
mW, a maximum operating temperature range from -65°C to+100°C, anda 
typical cutoff frequency (fb) to 8 Mc. 


QUICK SELECTION GUIDE — FOR 
AMPLIFIER / OSCILLATOR AND SWITCHING 
APPLICATIONS TO 20 KILOCYCLES | 


The following transistors merit first consideration within the specified gain- 
voltage groups. All of the specified devices have collector power dissipation 
ratings (Po) of 150-225 mW, and dc maximum operating junction temperature 
of 100°C. | 


TRANSISTOR VOLTAGE RATING; Veg (R = 10K) 
[anes [awe @ | tmoa | 
2N525 2N1924 
Bo | me | 
2N323 2N526 2N1008A 2N1008B 


MINIMUM 
DC CURRENT 
GAIN (h,-) 


2N1198 (4) . 
2N2171 2N1188 
2N38427 


@® Small Signal Current Ganh,,  @ = Vogo ® Ycss 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


COMPLETE NUMERICAL-ALPHABETICAL LISTING 


MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 


MILITARY 

h Vv ! an 

jd a MEG-A-LIFE 
Type 


20 


20 
20 
20 
20 


20 


2N398A 
2N460 
2N461 
2N464 
2N465 


USN 2N398 


OHO 


USAF 2N461 


S 
® OD O O oo 
or 


pad pet et et OT 


ee ye oe ale tate ta oa) (sae a ae 
an w lowouruno|/ucy 


i 
° 


val 
on 


USN 2N652A 


2N653 
2N654 
2N655 
2N1008 
2N1008A 


2N1008B 
2N1175 
2N1185 
2N1186 
2N1187 


2N1188 


doe | ee 


2N1189 10 (2) 
2N1190 10 @) 
2N1191 1 


ee en ete eee 
ouaualoucn 


-_ 


2N1192 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


NUMERICAL-ALPHABETICAL LISTING (continued) 


MAXIMUM RATINGS ELECTRIGAL ee MILITARY 
CER 
Type 


| pe @VeeB lo @ Voce & le 
Ts |Vcso 
°C volts 


2N1193 
2N1194 
2N1408 
2N1413 
2N1415 


2N1705 
2N1706 
2N1707 
2N1924 
2N1925 


Ss 
ou 


ono on | & & 


2N1926 
2N2042 2N2042A 
2N2043 2N2043A 
2N2171 


2N3427 


| 2N3428 
MA112 
MA113 
MA114 
MA115 


SA OS ee ee 


cojpomn aoa! wo 


MA910 
MA1702 
MA1703 
MA1704 
MA1705 


MA1706 200 100 30 
MAI1707 200 100 15 15 500 150 400 100 
MA1708 200 100 15 15 500 200 ae 1 100 


@ MEG-A-LIFE @le @®ls @BVces G Minimum Vceceo @ Ree = 1K 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N319 thru 2NO2 I BVcio = 25 V | 
hee — to 53-121 (min-max) 


fa, — to 2.0 MC 


CASE 31 PNP germanium transistor for audio amplifier 
(TO-5) , ‘ pert 
and low-frequency switching applications. 


ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage 


| _ Emitter-Base Voltage 
_ Collector Current 


Junction and Storage Temperature T; & T stg -65 to + 100 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic 


Collector Cutoff Current 
Vop = ~25 Vdc, In =0 


ee 
[cotess-tntter vos | Yowo | |e 
ee 


Emitter Cutoff Current 


Vien = “15 Vde, I, = 0 


Collector-Emitter Voltage BV 


I, = 0,6 mAdc, Ry, = 10K 


DC Current Gain 


1, = 20 mAdc, V 


CE 


DC Current Gain 


I, = 100 mAdc, V 


‘es = -1 Vdc 


CE 


Base Input Voltage 
Vor = -1 Vdc, Io = 20 mAdc 


Output Capacitance; Input AC Open Circuit 
Vop= -5 Vde, I = 1 mAdc, f = 1 Mc 


Frequency Cutoff 


Vop = -5 Vac, I 


= 1 mAdc 


E 


Motorola Low-Frequency, Low-Power Germanium Transistors 


BVcs0 = 18 V 
2n322 thru 2no24 hee -to 99-198 (min-max) 
508 fa, - to 2.5 MC 


PNP germanium transistors for audio driver and low- 
power output service in entertainment equipment. 
CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Collector Current 


Characteristic 


Collector Cutoff Current I 
= -16 Vdc, 1, = 0 


Vos 


Emitter Cutoff Current 


Veen = 3 Vde, I= 0 


Collector-Emitter Voltage 
Io = 0.6 mAdc, Ror 5 K 


DC Current Gain 


Vor = -1 Vdc, In = 20 mAdc 


Base Input Voltage 


Vor = -1 Vdc, Ia = 20 mAdc 


Output Capacitance; Input AC Open Circuit 
Vop= -5 Vde, I. = 1 mAdc, f= 1 Me 


Frequency Cutoff 


Vos = -5 Vdc, I = 1 mAdc 


Motorola Low-Frequency, Low-Power Germanium Transistors 


| BVczo = 30 V 
2NSo I | hy. = 30-70 (min-max) 


fa, -~ to 1.5 MC 


PNP germanium transistor for audio range amplifier 
and switching service in military equipment. Have col- 
lector dissipation and storage temperature ratings sig- 

CASE 3 nificantly higher thanthose of the military specification 


(TO-5 (see maximum ratings table below). 


ABSOLUTE MAXIMUM RATINGS 


Collector Dissipation at T Az 25°C 
(MIL-S-19500/4C 
(Derate 1.25 mW/°C above 25°C) 


Collector Dissipation at T ie 25°C 
(Motorola JAN 2N331) 
(Derate 2.67 mW/°C above 25°C) 


Emitter Cutoff Current 
Ves = -12 Vdc, I, = 0) 


Collector Cutoff Current 
Vop = -30 Vde, I, = 0) 


Se Open-Circuit Output Admittance 
Vop = -6 Vdc, Lo = 1.0 mAdc, f = 1 kc) 


Small-Signal Short-Circuit Input Impedance 
(Vop = -6 Vdc, IL, = 1.0 mAdc, f = 1 ke) 


Small-Signal Short-Circuit Forward-Current 
Transfer Ratio 


(Vag = 6 Vde, I, = 1.0 mAdc, f = 1 ke) 


on 


Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 
Vop = -6 Vdc, I, = 1 mAdc) 


Output Capacitance 
Voz = -6 Vdc, I = 1 mAdc) 


Noise Figure 
Von = -6 Vdc, Ll; = 1 mAdc, R, = 1000, ohms, 


Ss 
f=1kc, f=Al cps) 


Motorola Low-Frequency, Low-Power Germanium Transistors 


31 (continued) 


2N3 


POWER-TEMPERATURE DERATING CURVE 


MOTOROLA JAN 2N331 
FE . 
654 = 0.375°C/mW(max) 


220 - 


oo oe Se ey SS 


(SLLVMITTIA) NOILVdISSIG WLOL ““d 


a 


SoS & 


30 
T,, AMBIENT TEMPERATURE (°C) 


SMALL SIGNAL CURRENT GAIN versus TEMPERATURE 


COOP SnINT: 
A ie 


wo N rt 


J0SZ LV IN TWA *U 4O LNIOUId 


100 


Ty, JUNCTION TEMPERATURE (°C) 
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~— Motorola Low-Frequency, Low-Power Germanium Transistors 


2NG6 I thru 2N383 BVcto = 50 V 


hee — to 110-250 (min-max) 


2N2171 | fa, — to 7.5 MC 
PNP germanium transistors for small-signal audio 
aa amplifiers, Class B push-pull output stages and medium - 


speed switching circuits. 


ABSOLUTE MAXIMUM aed NGS 


Characteristic 
Collector-Base Voltage 


Collector-Emitter Voltage Ror = 10K) 


Emitter-Base Voltage 


Junction Temperature 


Collector Dissipation 
Ty = 25°C 

derate 

To = 25°C 

derate 


Characteristic 


Collector-Base Cutoff Current 
(Vap = -25 Vdc) 


Emitter-Base cutoff Current 
Ven = -20 Vdc) 


Collector-Emitter Mey 
Go = 500 HAdc, R BE= 10K) 


Collector-Emitter Voltage — 


I, = 50 Adc, V_, = 1.0 Vdc) 


2N381 
2N382, 2N383, 2N2171 


BE 


DC Current Gain 
I = 20 mAdc, V,,,, = -1. 0 Vdc) 2N381 
2N382 
2N383 


2N2171 


CE 


Mo = 100 mAdc, V,,,, = -1.0 Vdc) 2N381 
2N382 
2N383 


2N2171 


CE 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N381 thru 2N383 
2N2171 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Small Signal Current Gain 
(,= 10 mA, V,,, = -5.0 V, f = 1 kc) 


CE 


2N381 
2N382 
2N383 
2N2171 


Voltage Feedback Ratio 


(I, = 10 mA, Voy = -5 V, f= 1 ke) 


ra 
wo © =] 69 
ooo uw 


Input Impedance 
(I. = 10 mA, V_., = -5.0 V, f = 1 ke) 
e ce 2N381 
2N382 


2N382 


Output Admittance 


(= 10 mA, V oe 


= -5.0V, f=1ke 
CE : 2N381 
2N382 
2N383 
2N2171 


ie 


Transducer Gain ue : 
(R, = 3002, R, = 5002) 2N381 36 
R, = 4509°, R, = 5009) 2N382 38 
R, = 5502, R, = 5002) 2N383 39.5 
(R,-= 7859 , R, = 5002 ) 2N2171 42.5 


Q 


Output Capacitance 


b 
(,=1mA, Von 2 


. 


= -6V) 


Noise Figure 


(lg = 1 mA, Vog = -6V, R, = 1 ke, f= 1 ke) 


CE 2N381 
2N382 
2N383 


2N2171 


Cutoff Frequency 
(IL. = 1mA, V_, = -6V) 
. ee 2N381 “3 
2N382 4 
2N383 5 
2N2171 7.5 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


2N398 ' 2n398 A BVcso = 105 V 


hee = 20 (min) 
fa, - to 1.0 MC (typ) 


PNP germanium transistor for high-voltage, audio- 


CASE 31 frequency applications. 


(TO-5) 


ABSOLUTE MAXIMUM RATINGS | 


Collector-Base Voltage Vdc 
Collector-Emitter Voltage Vdc 
Vdc 


[Yosef 
[veo | ms | 
ee 
a 
ae Ee 
— 


Thorinal Resistance, Junction to Air p08 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Characteristic 


Collector-Base Cutoff Current 
Vop = 105 V, I, = 0) 


Collector-Base Cutoff Current 7 


-65 to +100 -65 to +85 


TEC 


°C/mW 


Typical 


(Von = 2.5 V, I, = 0) 


Emitter-Base Cutoff Current 


(Ving = 50V, Ip = 0) 


= ~ ~ 


Collector-Emitter Saturation Voltage 
(|, = 5 mAde; I,, = 0.25 mAde) “cE (AT) Bak. 
Base-Emitter Saturation Voltage 
(I, = 5 mAde; I,, = 0. 25 mAdc) “BE GAT) 
Cc 
DC Current Transfor Ratio Lie Bod 


i, = 5 mAdc; V,, = 0.35 Vdc) 
7-12 


4 
2. 
Q 


CE 


DC Collector-Emitter Punch-Through Voltage 
(V cp necessary to obtain VER of -1 V max, 


using instrument with Z, > 11 megohm to 


in 


/ < 
Qa 
OQ 


measure V BE) 


Small-Signal Short-Circuit, Forward Current 
Transfer Ratio Cutoff Frequency 
= 6 Vde; I, = 1 mAdc) 


Vop 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N3 98 (continued) 


POWER — TEMPERATURE DERATING CURVE DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 


BENE 
Pee Sees 


ARERR NERAS 
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ae 

i Ba 
ee ie 
it | 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2n460, 2n461 | | BVcso = 45 V 


h;. = 31-200 (min-max) 
fa, - to 4 MC (typ) 


PNP germanium transistor for general purpose 


industrial applications. 
CASE 31 
(TO-5) 


Characteristic 
Collector -Base Voltage 


Collector -Emitter Voltage (Rig = 1K) 


Emitter-Base Voltage 
Collector Current 


Collector Dissipation 
at 25° C Case Temperature 
Derate above 25°C 
at 25°C Ambient Temperature 
Derate above 25°C 


Characteristic 


Collector-Base Cutoff Current 
(V CB™ 45 Vdc) 


Emitter-Base Cutoff Current 
(V EB= -10 Vdc) 


Collector-Emitter Voltage 
(I, = 1 mAdc, Ror = 1K) 


Small-Signal Current Gain 
Vop = -6 Vde; I, = 1 mAdc, f = 1 kc) 2N460 
ae 


Small-Signal Current Gain. _ 
Vap- -6 Vde, I, =1 a f=1 ae 


Reverse Voltage Ratio _ 
Vo p= 6 Vdc, I, = 1 mAde, f = 1 ke) 


Input Resistance 
(V CB" -6 Vdc, I 


E = 1 mAdc, f= 1 ke) 2N460 
7 2N461 | 


~ Output Admittance 
(Von = -6 Vde, 1, = 1 mAde, f = 1 ke) 2N460 
| ye 2N461 


Frequency Cutoff 
(Vap = -5 Vde, I, = 1 mAdc) 2N460 
oe - 2N461 | 


Output Capacitance 
(VaR = -10 Vdc, I, = 1 mAdc, f = 1 mc) 


"Noise Figure 
(V.. = -4.5 Vde, I, =0.5.mAdc, R_=1K,f=1ke) 2N460 
CE E g 2N461 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2n464 thru 2n467 BVcto = 45 V 


h;. - to 112 (min) 
fa, - to 1.2 MC (typ) 


PNP germanium transistor for general purpose appli- 

cations in the audio-frequency range. These devices 

CASE 31 exceed EIA requirements for collector-current, maxi- 

(TO-5) mum temperatures and collector dissipation (See maxi- 
mum Ratings table below). 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol 


DC Collector Current 
EIA 
Motorola Units 


Max. Junction & Storage Temperature T, and °c 


EIA 
Motorola Units 


Collector Dissipation in Free Air 


EIA 
Derate 2.5 mW/°C above 25°C 

Motorola Unit 

Derate 2.67 mW/°C above 25°C 


Thermal Resistance, Junction to Air 


EIA 
Motorola Units 


Characteristic 


Collector-Emitter Breakdown Voltage 
(I, = 0.6 mAdc, Ror 10 K ohms) 2N464 
2N465 


Collector- Base Cutoff Current 
Wop = 20 Vdc) 


Small Signal Current Gain Cutoff Frequency 
(V_., = 6 Vdc, I, = 1 mAdc) 2N464 
ce 5 2N465 


Small Signal Current Gain 
(Vor = 6 Vdc, I, = 1.0 mAdc, f = 1 kc) 2N464 
2N465 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N464 thru 2N467 (continued) 
ELECTRICAL ciple gle hai el eee (continued) 


=< p= Ta pelaT = 


Small Signal Input fnpadance 
Vor = 6 Vdc, I,, = 1.0 mAdc, f= 1 kc) 2N464 
2N465 


Small Signal Power Gain 

(Vor = 6 Vdc, I, = 1.0 mAdc, f= 1kc, matched) 2N464 
2N465 
2N466 
2N467 


Noise Figure 
= 2.5 Vdc, I, = 0.5 mAdc, f = 1 ke, R, = 10 Kohms, 
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7-16 


—— Moforola Low-Frequency, Low-Power Germanium Transistors 


2n508 


FOR SPECIFICATIONS, SEE 2N322 DATA SHEET 


on524 thry 2ND27 BVczo = 45 V 


hee - to 72-121 (min-max) 


fa, - to 7.0 MC (max) 


PNP germanium transistor for switching and ampli- 


able for military and high-reliability industrial purposes 


fier applications in the audio-frequency range. Avail- 
CASE 31 
(TO-5) 


ABSOLUTE MeN RATINGS 


as 
meee 
arene 
a 
[al 
mar 


Storage and Operating Temperature 


Collector Dissipation in Free Air 
@ 25°C Ambient 


Thermal Resistance 


(Junction to Air) 


Therma! Resistance 
(infinite heat sink) 


Motorola Low-Frequency, Low-Power Germanium Transistors 


2N524 THRU 2N527 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C case temperature unless otherwise noted) 


Collector Cutoff Current 
Von = 30 Vdc, I, = 0) 


Emitter Cutoff Current 
Vip = 15 Vdc, Ia = 0) 


Collector-Emitter Breakdown Voltage 
17 = 0.6 mAdc, Ror = 10K) 


Collector-Emitter Reach Through 
(Punch-Thru) Voltage 
Vip = 1 Vdc, VTVM Z 2 1 Megohm) 


Static Forward-Current Transfer Ratio 


(Vog = 1 Vde, 1, = 20 mAdc) 


Small-Signal Short-Circuit Forward 
Current Transfer Ratio Frequency Cutoff 
Vop = § Vdc, I. = 1 mAdc) 2N524 
2N525 
2N526 
2N527 


Output Capacitance 

(V CB= 5 Vdc, I, 
Small-Signal Open Circuit Output Admittance 

= 5 Vdc, I, = 1 mAdc, f= 1 Ke) 2N524 

2N525 

2N526 

2N527 


= 1 mAdc, f = 1 Mc) All Types 


Yop 


Small-Signal Open Circuit Reverse Transfer 
Voltage Ratio 


Vop =5 Vde, I 


m= 1 mAdc, f = 1 Ke) 


Small-Signal Short Circuit Input Impedance 
Vop = 5 Vde, I, = 1 mAdc, f= 1 Kc) 


Collector-Emitter Saturation Voltage 
(i, = 20 mAdc) 
q, = 2 mAdc) 
q, = 1,33 mAdc) 
i, = 1.0 mAdc) 
a, = 0.67 mAdc) 


Base Input Voltage 
Vor = 1 Vdc, Io = 20 mAdc) 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N524 thru 2N527 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Noise Figure 
Von = 5 Vdc, I, = 1 mAdc, 
f= 1 Kc, BW = 1 Cycle) All Types 
Small-Signal Short-Circuit 


Forward-Current Transfer Ratio 
Vor = 5 Vdc, I. = 1 mAdc, f = 1 Ke) 


POWER-TEMPERATURE DERATING CURVE 


250 

B 22 
ea o 
ae RR 
& S 159 = 
Ss 2 
3 = 100 a 
ae z 
Of 50 = 
og z 
2 0 = 
0 25 50 75 100 3 
(+) 


T,, AMBIENT TEMPERATURE (°C) 


The maximum continuous power is related to maximum junction tem- 
perature by the thermal resistance factor. 
This curve has a value of 225mW at case temperatures of 25°C and is 
O mW at 100°C with a linear relation between the two temperatures such that: 
100° — Ta 


allowable Pp = tha TEMPERATURE (°C) 


he, VARIATION WITH TIME logo VARIATION WITH TIME 


0 1000 2000 
TIME (HOURS) 


0 1000 2000 
TIME (HOURS) 


hee (NORMALIZED TO INITIAL VALUE) 
lepo (NORMALIZED TO INITIAL VALUE) 


COMMON EMITTER INPUT VOLTAGE versus COLLECTOR CURRENT D-C BASE CURRENT GAIN versus COLLECTOR CURRENT 


Van, BASE-EMITTER VOLTAGE (VOLTS) 
hee, DC BASE CURRENT TRANSFER RATIO 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N650 ,A thru 2n652,A BVcto = 45.V 


hee - to 80 (min) 
fa, - to 2.5 MC (typ) 
PNP germanium transistor for switching and ampli- 


fier applications inthe audio-frequency range. Available 
for military and high-reliability industrial purposes. 


CASE 31 
(TO-5) 


Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage | 


Collector Dissipation in Free Air 
(Derate 2.67 mW/°C above 25°C) 


Thermal Resistance 
(Junction to Air) 


*Limited by power dissipation. 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Symboi Typical | Maximum 


Characteristic 


Collector-Base Cutoff Current 


(Von = 30V, I, ‘= 0) All Types 10 
(Von = 45 V, I, = 0) 50 
(Von = 10 V, I, = 0, Ts = +71°C) 100 
Emitter-Base Cutoff Current I pAde 
(v_., = 30V, L, = 0) EBO 
Collector-Emitter Leakage Current Tonr pAdc 
(Vor = 30V, Ror = 10 K) All Types 600 
Collector-Emitter Punch-Thru Voltage V. t Vdc 
(Vv, = 1.0V) All Types | ? 
Output Capacitance Cc ob : | pf 
(Vop = 6V, In = 25 
Noise Figure NF 
(Vor = 4.5 V, I, = 0.5 mA, All Types | 
R, = 1K, f = 1ke, Af = 1 cps) | 


Small Signal Current Gain Cutoff Frequency 
(Vop = 6V, In = 1 mA) 


2N651 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors ——— 


2N650 thru 2N652 (continued) 


Characteristic 
input Impedance 
(Van = 6V, I, = 1 mA, f = 1 kc) 2N650. 
ce E 2N651 
2N652. 


Output Admittance 
(Von = = 6V, I, = 1 mA, f = 1 kc) 2N650. 
2N651 


Small Signal Current Gain 


(Von = 6V, Ip = 1 mA, f 


1 kc) 2N650 
2N651 


DC current Transfer Ratio 
(Vor = 1LOV, In = 10 mA) 2N650: 
2N651 


Base-Emitter Drive Voltage 
(Vor = 1.0V, In = 10 mA) 2N650 
2N651 


| Collector-Emitter Saturation Voltage 


(I, = 50 mA, I, = 2.5 mA) 2N650. 
fl, = 50 mA, I. = 1. 67. mA) 2N651 
Qa = 50 mA, I, = 1,25 mA) 2N652. 


Collector-Emitter Saturation Voltage 
I, = 100 mA, I, = 5. 0 mA) 


= 100 mA : = 3.33 mA) 


’ "B 
= 100 mA, I, = 2.5 mA) 


B 


POWER-TEMPERATURE DERATING CURVE 
pt dL ye = 0.25°0/mW MAX 


eee ai ae We ea ia S 2 

pe . 

=p ee ad a Sl i 

ee ae ae ae Se es, = s 
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ar 10 20 30 40 50 60 70 80 4x90 100 es —60 —40 —20 0 20 40 60 80 100 
TEMPERATURE (°C) T,, JUNCTION TEMPERATURE (°C) 
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hee, DC CURRENT GAIN 
Ic, COLLECTOR CURRENT (mA) 


0 20 40 60 80 100 120 140 160 180 200 
lc, COLLECTOR CURRENT (mA) 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


BV cso = 30 V 
2n653 thru 2n655 h;..- to 100-250 (min-max) 
er fa, - to 2.5 MC (typ) 
CASE 31 : 
(TO-5) PNP germanium transistor, for high-gain amplifier 


and switching service in the audio frequency range. 


Collector D.C. Current 
Junction Temperature Limits -65 to +100 
Storage Temperature Limits -65 to +100 


Collector Dissipation in Free Air 
Derate 2.67 mW/°C above 25°C 


Thermal Resistance, Junction to Air 


*Limited 


ELECTRICAL CHARACTERISTICS at T, = 25° + 3°C) 


Characteristic 


ae Signal Current Gain 
= 1.0 mA, f=1kC 


Small Signal out Impedance 
Vopr = 6 VY; I, =1. 0 mA, f=1kC 


Small Signal Current Gain Cutoff 
Frequency 
Vop= 6 V, I, = 1.0 mA 


Output Capacity 
Von =6V, Te 


Noise Figure 
Vopr 745 V, 1, = 0.5 mA, 


Rg = 1, ne 


=QOmA, f=1me 


Collector-Emitter Reverse Current loER ya 
Vor = 25 V, Ror =10k 

Base-Emitter Input Voltage VBE Vdc 
Vog 76 V, 1, = 1.0 mA 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N653 thru 2N655 (continued) 


SMALL SIGNAL CURRENT GAIN(h,,) Sue rete MBER ATURE 
vs TEMPERATURE DERATING CURVE 
220 


200 


Bie = 0.25 °C/mw (max) 


180 


160 


140 


x) 
° 


100 


0 ,=0.375°C/mw (max) ik a 


@ 
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n 
°o 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2nN1008,A,B BVcso = 60 V 


h;. = 40-150 (min-max) 


CASE 31 


(TO-5) PNP germanium transistor for audio driver and med- 


ium speed switching applications. 


Emitter-Base Voltage 
Collector Current 


Collector Dissipation 
Ta = 25°C 

derate 

Tc = 25°C 

derate 


| eee Leakage Current 7 


(Vcp = 10 Vdc) 2N1008 
(VcB = 10 Vde, T, = 85°C) 2N1008 
(VcB = 25 Vdc) 2N1008A 
(VcR = 25 Vde, Ta = 85°C) 2N1008A 
(VopR = 45 Vdc) 2N1008B 


oO 
(Vop = 45 Vde, T, = 85°C) 2N1008B 


Emitter Leakage Current 
(VER = 10 Vdc) 2N1008 
2N1008A 
2N1008B 


Collector-Emitter Breakdown Voltage 
(Ic =1.0 mAdc, Rpg = 10 K) 


2N1008 
2N1008A 


| Vde 
15 
35 
2N1008B 


| Collector-Emitter Saturation Voltage VCE ae 
(I¢ = 100 mAdc, Ip = 10 mAdc) 
igure ema 


(Ic = -10 mAdc, Vopr = 5.0 Vdc, 
= Pepe | oe fae 


f = 1 ke ) 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 
onl 175 


FOR SPECIFICATIONS, SEE 2N1413-2N1415 DATA SHEET 


2nN1 185 thre 2N1188 BVcto = 60 V 


hee - to 130-170 (min-max) 
fa, - to 3.0 MC 


PNP germanium transistors for high-gain audio ampli- 
fier and switching applications. 
CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage 
2N1185 
2N1186-2N1188 


Collector-Emitter Voltage 
2N1185 
2N1186-2N1188 


Emitter-Base Voltage VERO 
Collector Current In mAdc 
(Continuous) 
Storage and Operating Temperature a 
Collector Dissipation in Free Air mW 
(Derate 2.67 mW/°C above 25° G) 
Thermal Resistance Oy A 
(Junction to Air) 
Thermal Resistance 950 
(Junction to Case) 


*Limited by power dissipation 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1185 thru 2N1188 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Collector-Base Cutoff Current 
(Vcp = 30 V, ) 2N1185 
(VcB = 45 V, 2N1186 thru 2N1188 
(Vcp = 60 V, Ip = 0) 2N1186 thru 2N1188 
(VcB = 10V, Ip = 0, Ta =+71°C) All Types 


Emitter-Base Cutoff Current 


(Veg = 30 V, I, = 0) 


Collector-Emitter Leakage Current 
(VcE = 30V, Rpg = 10 K) 2N1185 
(Vog = 45 V, Rpp = 10 K) 2N1186 thru 2N1188 


Collector-Emitter Punch-Thru Voltage 
(Ve = 1.0 V) 2N1185 
2N1186 thru 2N1188 


Output Capacitance 
(Von =6V, I, = 0) 


Noise Figure 
(VoE = 4.5 V; Ip = 0.5 mA, 
R= 1K, f=1kc, Af=1cps 


Small Signal Current Gain Cutoff 
Frequency 
(Von =6V, I,=1 mA) 2N1185 

2N1186 
2N1187 


2N1188 


E 


Input Impedance 
(V =6V, I_=1mA 2N1185 
oe 2N1186 
2N1187 
2N1188 


Output Admittance 
(V =6V, I=1l mA 2N1185 
eS 2N1186 
2N1187 


2N1188 


Small Signal Current Gain 
(V.~=6V, IL=lmA 2N1185 
e 2N1186 
2N1187 
2N1188 


DC Current Transfer Ratio 

(V = 1.0V, I, = 10 mA) 2N1185 
7 : 2N1186 
2N1187 
2N1188 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1185 thru 2N1188 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Base -Emitter Input Voltage 
(V..=1.0V, I, = 10 mA) 2N1185 
ce Pe 2N1186 
2N1187 
2N1188 


Collector-Emitter Saturation Voltage E 
(ic = 50 mA, Ip = 1.0 mA) 2N1185 oP leat) 
(Ic = 50 mA, Ip = 2.5 mA) 2N1186 
(Ic = 50 mA, Ip, = 1.67 mA) 2N1187 
(I¢ = 50 mA, Ip = 1.25 mA) 2N1188 , 


Collector-Emitter Saturation Voltage CE (sat) 
(Ic = 100 mA, B= 2: 2N1185 
(Ic = 100 mA, ‘ 2N1186 
(Ic = 100 mA, ‘ 2N1188 


VBE 
V 
v 


SMALL SIGNAL CURRENT GAIN(h,,) versus TEMPERATURE POWER-TEMPERATURE DERATING CURVE 
(Typical, All Types) (For All Types) 
CE aa Sn A EE CW SN GOS BS Ce _ 220 
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ed Sas , 2 
0 a 9 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


on1189 2n1190 | BVcio = 45V 


hee - t2100-170 (min-max) 
fa, - to 4.5 MC (typ) 


PNP germanium transistors for high-gain audio am- 
CASE 31 plifier and switching applications. | 
(TO-5) | 


ABSOLUTE MAXIMUM RATINGS 


Collector Current mAdc 
(Continuous) 

} Junetion, Storage Temperature | Storage Temperature -65 to +100 2 

Collector Brncannicnineac ee in Free Air 
(Derate 2.67 mW/°C above 25° C) 

Thermal Resistance O54 0.375 °C/mW 
(Junction to Air) 

Thermal Resistance °C/mW 
(Junction to Case) 


*Limited by power dissipation. 


ELECTRICAL CHARACTERISTICS at 25°C ambient temperature unless otherwise noted) 


a a es ae 


Collector-Base Cutoff Current 
(VoB = 30 Vdc,Ip = 0) 
45 Vdc,Ip = 0) 
10 Vde,Ip = 0, Ta = + 71°C) 


Emitter-Base Cutoff Current 


Collector-Emitter Leakage Current 
(Vor = 30 Vdc, Rpre = 10K) 


Collector-Emitter Punch-Thru Voltage 
(VERB = 1 Vdc, VTVM Impedance 21 M ohm 


Output Capacitance Cob 
(Vcp = 6 Vdc, Ip = 0,f = 1 me) 12.0 


Noise Figure 
(Vcr = 4.5 Vae, Ip = 0.5 mAdc 
Rg = 1 K,f = 1ke, Af — 1 eps) 


Small-Signal Current-Gain Cutoff Frequency 
(Voz - 6 Vdc, Ip e mAdc) 


2N1189 
2N1190 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 
2N1189, 2N1190 (continued) 


ELECTRICAL CHARACTERISTICS "sae | 


is ae Impedance 
(Vop = 6 Vdc, Ip = 1 mAdc,f = 1 kc) 


Output Admittance 
(Vcp = 6 Vde, Ip = 1 mAdc,f = 1 kc) 
Small Signal Current Gain 
(Vcr = 6 Vdc, If = 1 mAdc, f = 1 ke) 
2N1189 
2N1190 


DC Current Transfer Ratio 
(Vor = 1.0 Vdc, Imp = 10 mAdc) 
2N1189 
2N1190 


Base-Emitter Drive Voltage 
(Vck = 1.0 Vdc, Ig = 10 mAdc) 
2N1189 
2N1190 


Collector-Emitter Saturation Voltage 


50 mAdc, Ip = 1.5 mA) 2N1189 
50 mAdc, Ip = 1.0 mA) 2N1190 | 
100 mAdc, Ip = 3.0 mA) 2N1189 
100 mAdc, Ip = 2.0 mA) 2N1190 
SMALL SIGNAL CURRENT GAIN(h,.) versus TEMPERATURE POWER-TEMPERATURE DERATING CURVE 
; (Typical, All Types) (For All Types) 
ne oO se es a a Gd 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


oni 19 ]thru oni | 94 BVcto = 40 V 


hee - to 125-600 (min-max) 
fa, - to 3.0 MC (typ). 


PNP germanium transistors for high-gain audio am- 


AGS SI plifier and switching applications. 


ABSOLUTE MAXIMUM RATINGS 


Tseecmerrer | ao fe 
acca | Mee | 
a 


Collector Dissipation in Free Air mW 
(Derate 2.67 mW/°C above 25°C) 
Thermal Resistance Oy A 0.375 °C/mW 
(Junction to Air) 
Thermal Resistance 950 °C/mW 
(Junction to Case) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Collector -Base Cutoff Current 
(Von = 25 V, Ip = 9) 


(Von = 21-0 V, Ip = 9) 


Emitter-Base Cutoff Current 
(View = 25 V, In = 0) 


Collector-Emitter Leakage Current _ 
| Vor = 25 V, Ror = 10K) 


Output Capacitance . 
(Von = 6 V, I, =1.0mA) 


Noise Figure 
(Vor = 4.5 V, I, =0.5mA, 


f=1kc, R, = 100 ohms) 


Small Signal Current Gain Cutoff Frequency 
(Van =6V = 1.0 mA) 2N1191 
1a y: 2N1192 
2N1193 
2N1194 
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~—— Motorola Low-Frequency, Low-Power Germanium Transistors — 


2N1191 thru 2N1194 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


2N1191 
2N1192 
2N1193 
2N1194 


DC Current Gain 
(Vv... =1V, L, = 10 mA) 2N1191 
CE mG 2N1192 
2N1193 
2N1194 


Small Signal Power Gain 
(Vor =6V, I, = 1.0 mA, eMticd 
f= 1 kc, matched) 2N1193 


2N1194 


Base-Emitter Input Voltage 
(Vor =6V, In = 1.0 mA) 


DC CURRENT TRANSFER RATIO 


250 versus CURRENT COLLECTOR 


Von = 1 VOLT 


roy —_ N 
(=) wn f=] 
i) t—) o 


hrs, DC CURRENT TRANSFER RATIO 


an 
o 


Ic, COLLECTOR CURRENT (MILLIAMPERES) 


0 20 40 60 80 100 120 140 160 180 200 


4A 
Ven BASE-EMITTER VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (MILLIAMPERES) 
SMALL SIGNAL CURRENT GAIN (h 
versus TEMPERATURE (te) POWER-TEMPERATURE DERATING CURVE 
(For All Types) (For All Types) 


600 


400 


a oo 
Co oo 


PERCENT OF h,, AT 25°C 
P,, POWER DISSIPATION (MILLIWATTS) 


—80 -60 -40 -20 0 20 = 40 60° 80 100 120 0 40 50 60 70 80 90 100 
Ty, JUNCTION TEMPERATURE (°C) TEMPERATURE (°C) 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


Onl 408 BV cs0 = 50 V 


hee = 10 (min) 
eet : PNP germanium transistor for high voltage neon dri- 
| ver, solenoid and relay driver circuits. _ 


ABSOLUTE MAXIMUM RATI NGS 


Characteristic 


Collector -Base Voltage 
- Collector -Emitter Voltage 
Emitter-Base Voltage 


Collector Current 


Collector Dissipation at T A@ 25°C 


derating factor 


ELECTRICAL CHARACTERISTICS ot 25°C case ytSmaberatite unless otherwise noted) 


Collector -Base Cutoff Current 
(Von = 5 Vdc, I= 0) 


Collector-Emitter Leakage Current 


(Vor = 50 Vdc, Rap = 0) 


Collector -Base Breakdown Voltage 
(Ip = 25 uwAdc, In = 0) 


Emitter-Base Breakdown Voltage 
(I, = 25 wAdc, Io = Q) 


Collector -Emitter Punch-Thru Voltage 
(I, = 25 mAdc) 


Base-Emitter Input Voltage 


(I, = 1.0 mAdc, Vor = 1.0 Vdc) 


DC Current Gain 


=] Vdc, I 


B™ 1 mAdc) 


Small Signal Current Gain 
(Vor = 5.0 Vdc, I, = 1.0 mA, f = 1 kc) 


Output Admittance 
(VopR= 5. ovat In =1.0mA, f =1 ke) 


—— Moforola Low-Frequency, Low-Power Germanium Transistors 


BV cso =35 V 
2NT 413 thru anl415§ h-; - to62(min) 
2N1175 fu, - to 1.5 MC 


PNP germanium transistor for general purpose low- 
frequency amplifier and switching applications. Char- 
CASE 31 acteristics curves similar to 2N524-2N527 series. 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current 


Junction and Storage Temperature -65 to +100 Pe | 
Power Dissipation at 25°C Free Air pee | mw 
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Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1413 thru 2N1415 (continued) 


ELECTRICAL CHARACTERISTICS _ at 25°C case temperature unless otherwise noted) 


| Characteristic = 


Collector Cutoff Current 


cp = 30 Vde, 1, =0 


pare os 
Collector-Emitter Voltage BVorR a Vdc 
I, = 0.6 mAde, Ry, = 10 K 
el 


DC Current Gain 
In = 20 mAdc, Vor = 1 Vdc 


2N1413 
2N1414 
2N1415 
2N1175 


DC Current Gain 


I, = 100 mAdc, V 


Cc 1 Vdc 


2N1413 
2N1414 
2N1415 
2N1175 


CE~ 


Base Input Voltage 


Van = 1Vde, I 


one c = 20 mAde 


2N1175 


Output Capacitance; Input AC Open Circuit 


Vos 5 Vdc, I. = 1 mAdc, f = 1 Mc 


Frequency Cutoff 
Vanw= 5 Vdc, I, = 1 mAdc 
2N1413 

2N1414 
2N1415 


2N1175 


Small-Signal Short-Circuit Forward-Transfer Current Ratio 
Vag = 5 Vde, I, = 1mAdc, f=1 Ke 


CE 

2N1413 
2N1414 
2N1415 
2N1175 


Small-Signal Open Circuit Output Admittance 
Vop= 5 Vdc, I. = 1 mAdc, f = 1 Ke 


2N1413 
2N1414 
2N1415 
2N1175 


Small-Signal Open-Circuit Reverse-Transfer Voltate Ratio 
Vcp= > Vdc, I, = 1 mAdc, f = 1 Ke 


2N1413 
2N1414 
2N1415 
2N1175 


Small-Signal Short-Circuit Input Impedance 
Vv 5 Vdc, L, = 1 mAdc, f = 1 Ke 


i CB E 

2N1413 
2N1414 
2N1415 
2N1175 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1705 thru 2NI 707 BVcio - to 30V 


hee - to 60-120 (min-max) 
fa, - to 4 MC (typ) 


PNP germanium transistors for audio driver appli- 
cations in transistorized radio receivers. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


ee 
Collector-Emitter Voltage (Ror = 1K) 
a 
Collector Dissipation at T,, = 25°C Ce a 
a 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


2N1705 thru 2N1707 (continued) 


ELECTRICAL CHARACTERISTICS . (at 25°C case temperature unless otherwise noted) 


ar Tr J Po 


Collector- Base Cutoff Current 
(Von = = -10 Vdc) 2N1705 
, 2N1706 
y= -25 Vdc) 2N1707 


(Vo 


Emitter- Base Cutoff Current 
2N1705 
2N1706 
2N1707 


Collector-Emitter Voltage 
(I. = 1 mAdc, R,, = 1 K) 2N1705 
. Pe 2N1706 
2N1707 


Base-Emitter Voltage 


(I, = 10 mA, Vor = 5V) 2N1706 


(I, = 20 mA, Vo = 1) 2N1705 


DC Current Gain 


(I, = 10 mAdc, Vor = -5V) 2N1707 


(Ig = 20 mAde, Voy = -1V) 2N1706 


Small Signal Current Gain 


(I,=1mA, V,.=-6V,f=1kc)  ~© 2N1705 
Cc CE 


(I = 10 mA, Va, = -5 V, f= 1 ke) 2N1706 
2N1707 


Output Admittance Conductance 


(Iu=1mA, Von = -6V, f= 1 ke) 2N1705 


(Ig = 10 mA, V, = -5V, f= 1ke) 2N1706, 2N1707 


Input Impedance 


(I, = 1 mA, Vor = -6V, f= 1 kc) 2N1705 


a = 10 mA, Vag = -5V, f= 1 ke) 2N1706, 2N1707 © 


Voltage Feedback Ratio 


(I, = 1mA, Vag = -8V, f= 1 ke) 2N1705 


(I, = 10 mA, V,= -5V, f= 1 ke) 2N1706 
2N1707 


Frequency Cutoff 
(I, = 1 mA, Vo = -6 V) 2N1706, 2N1707 
2N1705 


Output Capacitance 


(I, = 1 mA, Vop= “8 V; f = 1 mc) 


Noise Figure 


(lg= 1 mA, Vog=-6V, R,=1K, f=1ke 2N1705 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


nl 924 thru oni 926 BVcso = 60 V 


hee - to 72 (min) 
fa, - to 1.5 MC 


PNP germanium transistors for general purpose, low- 
frequency applications. Characteristics curves similar 
to 2N524-2N527 series. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage Vv CBO ae 
Collector-Emitter Voltage Vo EO pao | 


Emitter-Base Voltage 


ELECTRICAL CHARACTERISTICS at 25°C case temperature unless otherwise noted) 


Collector Cutoff Current 


Vog = 45 Vdc, I, = 0 


Emitter Cutoff Current 


Vien = 725 Vdc, 1, = 0 


Collector-Base Voltage 


= 200 nAdc, I, = 0 


Ia 


Collector-Emitter Voltage 


I, = 50 wAdc, VBE = +1.5 Vdc, R 


Cc = 10K 


BE 


Collector-Emitter Voltage 


I, = 0.6 mAdc, Ry, = 10K 


Punch- Thru Voltage 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1924 thru 2N1926 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


ree Current Gain 
= 20 mAdc, V = -1 Vdc 
e fe 2N1924 
2N1925 


2N1926 


DC Current Gain 
In = 100 mAdc, V = -1 Vdc 
2N1924 30 
2N1925 - 


2N 1926 


Collector-Emitter Saturation Voltage 
= 1,33 mAdc, I, = 20 mAdc 2N1924 “cE(SAT) 
1.0 mAdc, Ia = 20 mAdc 2N 1925 
= 0.67 mAdc, In = 20 mAdc 2N1926 


Base Input Voltage 


VoE = -1 Vdc, In = 20 mAdc 


CE 


2N1924 
2N1925 
2N1926 


Output Capacitance; Input AC Open Circuit 


Von = -5 Vde, I, = 1 mAdc, f = 1 Mc 


Frequency Cutoff 


Van = -5 Vdc, I 


CB = 1 mAdc 


2N1924 
2N1925 
2N 1926 


E 


Small-Signal Short-Circuit Forward-Transfer Current Ratio 


V = -5 Vdc, I, = 1 mAdc, f = 1 Ke 
2N1924 
2N1925 


2N 1926 


CE 


Small-Signal Open Circuit Output Admittance 
Vor = -5 Vdc, Ih = 1 mAdc,f = 1 Ke 
2N1924 
2N1925 
2N1926 


Small-Signal Open-Circuit Reverse-Transfer Voltage Ratio 
Vor = -5 Vdc, I = 1 mAdc, f = 1 Ke 
2N1924 


2N1925 
2N1926 


Small-Signal Short-Circuit Input Impedance 
Vor = -5 Vdc, . = 1 mAdc, f = 1 Ke 
2N1924 
2N1925 
2N1926 
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Motorola Low-Frequency, Low-Power Germanium Transistors —— 


on2042 : 2n2043 BVcso = 105 V 


hee — to 40-100 (min-max) 
fa, — to 0.75 MC 


PNP germanium transistor suitable for high-voltage 
audio switching and amplifier applications. Suitable for 
high-reliability projects as MEG-A-LIFE devices. 


CASE 31 
(TO-5) 


Emitter-Base Voltage 


Collector Current 
(Continuous) 


Operating Junction Temperature Range a -65 to +100 ae 
Collector Dissipation in Free Air 200 mW 
Derate above 25°C 2.67 mW/°C 


Thermal Resistance 
(Junction to Air) 


ELECTRICAL CHARACTERISTICS . (at 25°C case temperature unless otherwise noted) 


= [ae oel 


Collector-Base Cutoff Current pAdc 
Vop = 105 V, I, = 0) — 25 
Vop = 2.5 V, I. = 0) _ 10 
Vop = 105 V, I, = 0, Ty = +71°C) — 500 


Emitter~Base Cutoff Current L2BO pAdc 
(Vez = 75 V, In = 0) 50 
(Vien = 2.5 V, In = 0) 10 

Collector -Emitter Cutoff Current lupR pAdc 
(Vor = 55 V, Ror = 10 K) 

Collector-Emitter Cutoff Current lors mAdc 
(Vor = 105 V, Var = 0) _ 1.0 


DC Collector -Emitter Punch-Through Voltage V Vdc 
(Vey = 1.0V, VTVM Rin 10-12 megohm) 105 = 


DC Current Gain 


(1. = 5 mA, V_., = 0.35 V) 2N2042 
C CE 2N2043 


Common Base, Small-Signal Input Impedance 


(Von = 6 V, 1, = 1 mA, f = 1ke) 
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2N2042 , 2N20 43 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 
Characteristic 


Common Base, Small-Signal Output Admittance 
(Vop = 6V, I = 1 mA, f = 1 ke) 
Common Emitter, Small-Signal Current Transfer Ratio 


(Vix. = 6 V, Ls = 2mA, £= 1 ke) 2N2042 
CE nce 2N2043 


Base-Emitter Saturation Voltage 
Io = 5 mA, I, = 0.25 mA) 


Collector-Emitter Saturation Voltage 


= 10 mA) 


Collector Output Capacitance 


Von = 6v, 1, = 0) 


Common-Base, Small-Signal Forward Current 
Transfer Ratio Cutoff Frequency 


(V.. = 6V,1,=1mA) - 2N2042 
CB "VE 2N2043 


POWER-TEMPERATURE DERATING CURVE 


PTT pte pein 
ee a a SS Se 


Pp, TOTAL DISSIPATION (MILLIWATTS) 
% OF Hee @ 25°C 


TEMPERATURE (°C) 


DC CURRENT GAIN versus COLLECTOR CURRENT 


160 
140 


120 


80 


hee, DC CURRENT GAIN 


60 


Ic, COLLECTOR CURRENT (MILLIAMPERES) 


0 20 = 40 60 80 100 120 140 160 180 200 
Ic, COLLECTOR CURRENT (MILLIAMPERES) 
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Motorola Low-Frequency, Low-Power Germanium Transistors 


Vor (sat) 
0. 25 
0.75 
Cob 


0 ' 
—60 -40 ~—20 0 +20 +40 +60 
T,, AMBIENT TEMPERATURE (°C) 


er 02 2N2042 


a ae 
/ 
ae ee Ge ee ee 
a i, ae a ee eee 
ee ee es 

0 0.2 0 


4 0.6 0.8 
Vee, BASE-EMITTER VOLTAGE (VOLTS) 


1.0 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


on2171 


FOR SPECIFICATIONS, SEE 2N381 DATA SHEET 


. BVc o> 45 V 
2n3427 r 2n3428 ies 350-800 (min-max) 
fa, = to 8.0 MC 


PNP germanium transistors for audio amplifier and 
medium -speed switching applications. 


CASE 31 


(TO-5) 
All leads isolated 
from case 


ABSOLUTE MAXIMUM RATINGS 


a 
a 
Pr 

a 


Base Current (Continuous) 


Storage and Operating Temperature 
Range T stg? Ty -65 to +100 C 
Collector Dissipation in Free Air 200 mW 
Derate Above 25°C 2.67 mW/°C 


*Limited by power dissipation 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N3427, 2N3428 (continued) 


ELECTRICAL CHARACTERISTICS | (at 25°C case temperature unless otherwise noted) 


Characteristic ~ Symbol ;Minimum} Typical | Maximum} Unit 
Collector- Base Cutoff Current Inno uAdc . 
(Vop= 1.5 Vde, I, = 0) _ 3.0 5 
(Von = 10 Vde, I, = 0, T, = +71°C) = - 100 
(Voz = 30 Vdc, I, = 0) — ~ 10 
(Voz = 45 Vdc, I, = 0) - _ 50 


Emitter- Base Cutoff Current 
(Vip = 30 Vdc, Io =: 0) 


Collector-Emitter Leakage Current HAdc 
(Vor = 30 Vdc, Ror = 10K ohms) 


Collector-Emitter Punch- Thru Voltage 


(V,, = 1.0 Vdc, VTVM impedance = 1 megohm) © 


fl 


Output Capacitance 
(Vap= 6 Vdc, I, = 0, f= 1 mc) 


Noise Figure 
(Vor = 4,5 Vdc, I, = 0.5 mAdc, R, = 1K ohms, f= 1 kc, 


Af = 1 cps) 


Small-Signal Current-Gain Cutoff Frequency 
(Von = 6 Vdc, I, = 1 mAdc) 2N3427 
2N3428 


Input Impedance 
(Von = 6 Vdc, I 


= 1 mAdc, f = 1 kc) 


E 


Output Admittance 
(Vop = 6 Vdc, 1, = 1 mAdc, 


Small-Signal Current Gain 
Vor = 6 Vde, I, = 1 mAdc, f = 1 kc) 2N3427 
2N3428 


Small-Signal Current Gain 
(Vor = 6 Vdc, In = 1 mAdc, f = 2 mc) 2N3427 
2N3428 


DC Current Gain 


(Ig = 20 mAdc, Vor= 1 Vdc) 2N3427 
2N3428 

(I, = 100 mAdc, V,, = 1 Vdc) 2N3427 
< oe 2N3428 
(Ig = 200 mAdc, Vor = 1 Vdc) 2N3427 


2N3428 


Base-Emitter Input Voltage 
(Var = 1 Vdc, In = 100 mAdc) 


Collector-Emitter Saturation Voltage 
(I, = 100 mAdc, I, = 2 mAdc) 


| 2N3428 
I = 200 mAdc, I, = 4 mAdc) 
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Motorola Low-Frequency, Low-Power Germanium Transistors 


2N3427, 2N3428 (continued) 


COLLECTOR CURRENT versus BASE CURRENT 


POWER-TEMPERATURE DERATING CURVE 


iti tt it ty 
atti tay 


(SLIVMITIIW) NOIL¥dISSIC Y3MOd ‘od 


Ip,BASE CURRENT (MILLIAMPERES) 


TEMPERATURE (°C) 


DC CURRENT GAIN versus COLLECTOR CURRENT 


OUTPUT CURRENT versus BASE DRIVE VOLTAGE 


SRS eRS 
aaa eee 


(S3U3dW WITHA) INIYYND YOL9ITIOD 'F 


Ic, COLLECTOR CURRENT (MILLIAMPERES) 


Vep, EMITTER-BASE VOLTAGE (VOLTS) 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


. BV cro = 15V 
MATT2 thru mal l7 hy. — to 100-250 (min-max) 


PNP Germanium transistors for economical circuit 
applications. Available with a wide variety of gain 
ranges, 

CASE 31 | 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


a 
a 
a 
a 
ee 
a 


= 


< 


-55 to +85 


. ne 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Collector Current 
Storage Temperature Limits 


Power Dissipation 
@T A 


= +25°C 


Collector -Emitter Current, IorR 
Vor = 15V, 
Ror = 10 KQ) All Types 


Collector -Base Current, Inno 


(Von = 15 V, 


1, = 0) 


Small Signal Current Gain, 


(Von = 6, 
I, = 1 mA) 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


MAz266 thru MA288 BVcso = 10 V 


h;, —to 180 (min) 


PNP germanium transistors for very economical cir - 
cuit applications. Available with wide variety of gain 
ranges. 

CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 
Collector -Emitter Voltage 
Collector -Base Voltage 


Emitter -Base Voitage 


Storage Temperature Limits -55 to +85 


Power Dissipation 
@T ae +25°C 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted): 


Collector -Emitter Current, loER 


All Types 


Small Signal Current Gain, Dee 


(Vor = 6 V, 
In = 1 mA) 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


BV cro = 60 V 
mMa88 1 thru MA889 hr: — to 125(min) 


fa, — to 1.75 MC (min) 


PNP germanium transistors for audio amplifier and 
medium-speed switching applications. Recommended 
as driver transistors for 50-60 Volt power transistors. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Collector~Base Voltage Von O Vde | 
MA881 thru MA884 
MA885 thru MA889 
Vv Vdc 
MA881 thru MA884 eee 60 
MA885 thru MA889 50 


Collector Dissipation at Ta 25°C 
Derate above 25°C 2.67 a C 
Storage and Operating Temperature ; -50 to +100 
R T stg oy 
ange 


*Limited by power dissipation 


Collector-Emitter Voltage 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


MA881 thru MA889 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Collector-Base Cutoff Current 


(Vay = 30 Vde, I, = 0) MA881 thru MA884 


CB E 


(Van = 60 Vdc, I = 0) MA881 thru MA884 


CB 


(Vi, = 25 Vdc, IL, = 0) MA885 thru MA889 


CB E 


= 50 Vdc, I, = 0) MA885 thru MA889 


(Vop E 


Emitter-Base Cutoff Current 


(Ving = 15 Vde, 1, = 0) MA881 thru MA884 
MA885 thru MA889 


Collector-Emitter Leakage Current 


(V = 60 Vdc, R,. = 0) MA881 thru MA884 


CE BE 


(VA, = 50 Vdc, Ror = 0) MA885 thru MA889 


CE 


Output Capacitance 
6 Vide, 1. 0, f=1 mc) All types 


( 
‘Yop 


| Input Impedance 


(Vn =6 Vde, I, =1 mAdc, f = 1 kc) All types 


CB E 


Output Admittance 


(Vin = 6 Vde, I, =1 mAdc, f = 1 kc) All types 


CB E 


DC Current Gain 


(Vi. =1 Vdc, I, = 10 mAdc) 


CE Cc 


Small-Signal Current Gain 


Vor = 6 Vde, I, =1 mAdc, f=1 kc) 


Small-Signal Current Gain Cutoff Frequency 


(Vn =6 Vde, I, = 1 mAdc) 


CB E 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


BVc o =—to 90 V 
ma909, ma910 cere 


PNP Germanium transistors for high-voltage neon 
| driver, solenoid and relay driver circuits. 
CASE 31 | | 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current 


Collector Dissipation at To = 25°C 


Junction and Storage Temperature 


Collector-Base Cutoff Current 
Vop = 2.5 Vde, I, = 0) Both Types 


Vor = 75 Vdc, In = 0) MA909 


Von = 90 Vdc, In = 0) MA910 


Emitter-Base Cutoff Current 
Vip = 35 Vdc, In = 0) 


(Vp = 45 Vde, I, = 0) 


ao 
So 


Collector-Emitter Leakage Current 
(V CE= 75 Vdc, R 


Vor = 90 Vdc, R 


Collector-Emitter Saturation Voltage Vor (sat) 
(L, = 5 mAdc, I, = 0. 25 mAdc) 
Cc B 
Base-Emitter Saturation Voltage Vv 
(Io = 5 mAdc, I, = 0,25 mAdc) BE (sat) 


DC Current Gain 
(I, = 5 mAdc, V 


_ 
(o) 
j=) 


CE= 0. 35 Vdc) 


Collector-Emitter Punch-Thru Voltage V t 
(V fn 1. 0 Vdc, Ri of VTVM - 10 to 12 Megohms) MA909 P 
MA910 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


mMAI/02 thru mal 708 BVcto — to 45 V 


hee —to 150-400 (min-max) 
fa, — to 7.0 MC 


PNP germanium transistors for audio amplifier and 
medium speed switching applications requiring high ac 
gain at low collector current or high dc gain at high 
collector current. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage 
MA1702 

MAi703 thru MAi705 
MA1706 thru MA1708 


Collector-Emitter Voltage 
MA1702 

MA1703 thru MA1705 
MA1706 thru MA1708 


Emitter-Base Voltage 
MA1702 
MA1703 thru MA1705 
MA1706 thru MA1708 


Collector Current (Continuous) 


Base Current (Continuous) 
Maximum Junction Temperature T 100 
J(max) 


Collector Dissipation in Free Air 
Derate Above 25°C 


*Limited by power dissipation 
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— — Motorola Low-Frequency, Low-Power Germanium Transistors 


MA1702 thru MA1708 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C ambient temperature unless otherwise noted) 


— Sooo 


Collector-Base Cutoff Current 
(VcB = 1.5 Vdc, Ip = 0) MA1702 thru MA1705 
(VoRp = = 10 Vdc, TE = 0, Ta = +71°C) MA1702 
(Vep = 15 Vde, I, = 0) MA1706 thru MA1708 
(VoR = 25 Vdc, tz = = 0) MA1703 thru MA1705 
(VcBp = 30 Vdc, I E= 0) MA1702 
(VoB = 45 Vdc, Ip = 0) MA1702 


Emitter-Base Cutoff Current 
(VER = 4.5 Vdc, I c= 0) MA1706 thru MA1708 
{VEB = 25 Vde, Ic = 0) MA1703 thru MA1705 
VEB = 30 Vdc, Ig = 0) MA1702 


Collector-Emitter Leakage Current 
(Vap = 15 Vdc, Rpp = 10 K ohms) MA1706 thru MA1708 
(VCE = = 25 Vdc, RBE = = 10 K ohms) MA1703 thru MA1705 


Collector-Emitter Punch-Thru Voltage 
(Vg = 1.0 Vdc, 
VTVM impedance = 1 megohm) 


Output Capacitance 
(Vcp = 6 Vde, 1,70, f=1 mc) All Types 


Noise Figure 
(Vopr = 4.5 Vde, Ip = 0.5 mA, 
Rg =1K, f=1ke, Af = 1 cps) 


Small-Signal Current Gain Cutoff Frequency 
(Vop = 6 Vdc, I= 1 mAdc) MA1702 
MA1703 
MA1704 
MA1705 
MA 1706 
MA1707 
MA1708 


Input Impedance 
(Vcp = 6 Vdc, I, = 1 mAdc, f = 1 kc) MA1702 thru MA1705 
MA1706 thru MA1708 


Output Admittance 


(Von = 6 Vdc, I, 


= 1 mAdc, f = 1 kc) 
Small Signal Current Gain 

(VcE = 6 Vdc, Ip = 1 mAdc, f = 1 kc) MA1702, MA1705, MA1708 
MA1703, MA1706 
MA1704, MA1707 


DC Current Gain 
(Ic = 20 mAdc, Vor = 1 Vdc) MA1702 
(Ic = 100 mAdc »VCE = Vdc) MA1702, MA1705, MA1708 
MA1703, MA1706 
MA1704, MA1707 
= 1 Vdc) MA1702 
MA1703 
MA1704 
MA1705 


(I, = 200 mAdc, Vo, 


Collector-Emitter Saturation Voltage 
(I, = 200 mAdc, i, = 4.0 mAdc) 
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MOTOROLA HIGH FREQUENCY TRANSISTORS 


e For devices meeting military specifications, see page 1-18. 


e For high-reliability devices produced under the Meg-A-Life Il program, see 
page 1-22. 


e For case outline dimensions, see page 1-26. 
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Motorola High-Frequency Transistors 


MOTOROLA HIGH FREQUENCY 
SWITCHING AND AMPLIFIER TRANSISTORS 


This line of transistors includes germanium and silicon devices designed for 
switching and amplifier applications at frequencies ranging from a few mega- 
cycles to over a gigacycle, 


NUMERICAL-ALPHABETICAL LISTING OF DEVICES COVERED IN THIS SECTION 


2N697 
2N700 
2N700A 
2N705 
2N706 


2N7T06A 
2N706B 
2N707 
2N707A 
2N708 


2N710 
2N711 
2N711A 
2N711B 
2N718 


2N718A 
2N722 


2N741 
2N741A 
2N744 


2N753 
2N827 
2N828 
2N828A 
2N829 


2N834 
2N835 
2N838 
2N869 
2N914 


2N915 
2N916 
2N918 
2N929 
2N930 


2N956 
2N960 
2N961 
2N962 
2N963 


2N964 
2N964A 
2N965 
2N966 
2N967 


2N968 
2N969 
2N970 
2N971 
2N972 


2N973 
2N974 
2N975 
2N985 
2N995 


2N1131 
2N1132 
2N1132A 
2N1132B 
2N1141 


2N1142 
2N1143 
2N1195 
2N1204 
2N1204A 


2N1420 
2N1494 
2N1494A 
2N1495 
2N1496 
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2N1561 
2N1562 
2N1613 
2N1692 
2N1693 


2N1711 
2N1991 
2N2096 
2N2097 
2N2099 


2N2100 
2N2192 
2N2192A 
2N2192B 
2N2193 


2N2193A 
2N2193B 
2N2194 

2N2194A 
2N2194B 


2N2195 
2N2195A 
2N2195B 
2N2217 
2N2218 


2N2218A 
2N2219 
2N2219A 
2N2220 
2N2221 


2N2221A 
2N2222 
2N2222A 


Motorola High-Frequency Transistors 


NUMERICAL-ALPHABETICAL LISTING (continued) 


2N2256 2N3245 2N3506 
2N2257 2N3248 2N3507 
2N2258 2N3249 2N3508 
2N2259 2N3250 2N3509 
2N2303 2N3250A 2N3510 
2N2330 2N3251 2N3511 
2N2331 2N3251A 2N3544 
2N2369 2N3252 2N3546 
2N2381 2N3253 2N3553 
2N2382 2N3279 2N3632 
2N2481 2N3280 2N3634 
2N2501 2N3281 2N3635 
2N2537 2N3282 2N3636 
2N2538 2N3283 2N3637 
2N2539 2N3284 2N3647 
2N2540 2N3285 2N3648 
2N2630 2N3286 2N3664 
2N2635 2N3287 2N3717 
2N2800 2N3288 2N3718 
2N2801 2N3289 2N3719 
2N2832 2N3290 2N3720 
2N2834 2N3291 2N3742 
2N2837 2N3292 2N3743 
2N2838 2N3293 2N3783 
2N2904 2N3294 2N3784 
2N2904A 2N3295 2N3785 
2N2905 2N3296 2N3798 
2N2905A 2N3297 2N3799 
2N2906 2N3298 2N3818 
2N2906A 2N3307 MCS2135 
2N2907 2N3308 MCS2136 
2N2907A 2N3309 MCS2137 
2N2929 2N3309A MCS2138 
2N2947 2N3323 MF812 
2N2948 2N3324 MF832 
2N2949 2N3325 MM1803 
2N2950 2N3375 MM1941 
2N2951 2N3444 MM1943 
2N2952 2N3467 MM2503 
2N2955 2N3468 MM2550 
2N2956 2N3485 MM2552 
2N2957 2N3485A MM2554 
2N2958 2N3486 MM2894 
2N2959 2N3486A MPS706 
2N3115 2N3493 MPS834 
2N3116 2N3494 MPS918 
2N3133 2N3495 MPS28 94 
2N3134 2N3496 MPS2923 
2N3135 2N3497 MPS2924 
2N3136 2N3498 MPS2925 
2N3137 2N3499 MPS3563 
2N3227 2N3500 MPS3639 
2N3244 2N3501 MPS3640 


Motorola High-Frequency Transistors 


PREFERRED SILICON TRANSISTORS 


Year after year the industry introduces a host of new transistor type num- 
bers to join the growing list of devices already available. Some of the new 
type numbers represent true state-of-the-art advances in transistor technolo- 
gy, while others are merely improvements of older types already in general 
use. 


Motorola manufactures one of the most extensive lines of high -frequency 
transistors and will continue to produce many of the older device type num- 
bers — though some of these are recommended for direct replacement only. 
For new equipment designs, the engineer should consider primarily the more 
advanced transistors which offer performance and price advantages, and as- 
sure a continuing and reliable source of supply. 


NUMERICAL LISTING OF PREFERRED MOTOROLA 
HIGH. FREQUENCY SILICON TRANSISTORS 


Type Number Type Number Type Number Type Number 


2N834 2N2537 2N3253 2N3511 
2N835 2N2538 2N3444 2N3544 
2N915 2N2539 2N3467 2N3546 
2N916 2N2540 2N3468 2N3634 
2N918 2N2800 2N3485, A 2N3635 


2N2192, 2N2801 2N3486, A 2N3636 
2N2193, 2N2837 2N3493 2N3637 
2N2194, 2N2838 2N3494 2N3647 
2N2195, 2N2904, 2N3495 2N3648 


2N2217 2N2905, 2N3496 2N3719 


2N2218, 2N2906, 2N3497 2N3720 
2N2219, 2N2907, 2N8498 2N3742 
2N2220 2N3227 2N3499 2N3743 
2N2221, 2N3244 2N3500 
2N2222, 2N3245 2N3501 


2N2330 2N3248 2N3506 MM1755 
2N2331 2N3249 2N3507 MM1756 
2N2369 2N3250, 2N3508 MM1757 
2N2481 2N3251, 2N3509 MM1758 
2N2501 2N3252 2N3510 MM2894 
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Motorola High-Frequency Transistors 


SILICON HIGH FREQUENCY TRANSISTORS 


EIA-MOTOROLA PREFERRED?‘ TYPE 
CROSS REFERENCE GUIDE 


[ai [Wore] EA [errcla] a [Warola] fin [ora] GA [Mot 


2N497 2N3498 2N730 #2N2220 | 2N930 2N930 2N1564 2N2218 2N1987 2N2217 
2N498 2N3498 2N731 # 2N2221 2N947 2N834 2N1565 2N2218 2N1988 
2N656 2N3498 2N734 2N2221 2N956 #2N2222 {| 2N1566 2N2219 2N1989 
2N657 2N3498 2N735 2N2221 2N957 2N2501 | 2N1566A] 2N2219 | 2N1991 
2N696 #2N2217 | 2N736 2N2222 2N978 2N2837 2N1613 |#2N2218Al 2n2008 


2N736A 
2N742 


2N2222 
2N2220 


2N1613A} 
2N1644 


2N696A 
2N697 


2N2217 
# 2N2218 


2N2221 
2N2221 


2N2218 
2N2218 


2N988 
2N989 


2N2049 
2N2106 


2N697A | 2N2218 2N742A 2N2220 —| 2N995 # 2N3250 2N1700 2N2217 | 2N2107 
2N698 #2N3498 2N743 #2N835 # 2N995A 2N3250 2N1701 2N2217 | 2N2108 
2N699 | #2N3498 2N744 #2N2501 | 2N996 /|#2N3248 2N1702 2N2217 | 2Nn2192 


2N699B| 2N3498 2N752 2N2221 | 2N1060 | 2N2501 {| 2N1703 2N2217 | 2N2192A 
2N702_ | #2N835 2N753 | #2N835 | 2N1131 |#2N2800 | 2N1704 | 2N2218 | 2N2192B 
2N703 | #2N835 2N754 2N2220 | 2N1131A}]#2N2800 | 2N1711 [#2N2219A] 2N2193 
2N706 | #2N835 2N755 2N2220 | 9n1132 |#2N2800 | 2N1711A| 2N2219A] 2N2193A 
2N706A | #2N835 2N780 2N2220 | 2n1132A]#2N2800 | 2N1711B] 2N2219A] 2n2193B 


2N706B | #2N835 2N783 2N834 | 2n1132B/#2N2800 | 2N1837 | 2N2218 | 2n2194 
2N706C | #2N835 2N784 | #2N834 | 9n1139 | 2N835 2N1837A] 2N2218 | 2N2194A 
2N707 2N707 2N784A | #2N834 2N1199 | 2N835 2N1838 | 2N2218 | 2nN2194B 
2N707A 2N707A 2N834 # 2N2501 2N1199A| 2N835 2N1839 2N2217 2N2195 
2N708 | #2N834 2N835 | #2N2501 | 2gn1252 | 2N2537 | 2N1840 | 2N2217 | 2N2195A 


2N708A | #2N834 2N839 2N2220 2N2537 | 2N1889 2N2195B 

2N709 | 2N709 2N840 | #2N2221 2N2537 | 2N1890 2N22.05 

2N709A | 2N709A | 2N841 2N2222 9N2537 | 2N1893 2N2206 

2N715 | #2N2221 | 2N842 2N2221 2N2501 2N2216 | 2N3498 
2N716 |#2N2221 | 2N843 2N2222 | onjo77 | 2N2501 2N2217 | 2N2217 


2N717_ | #2N2221 | 2Nn849 2N835 | 2N1278 | 2N2501 2N2218 
2N717A | #2N2221 2N850 2IN834 2N1279 2N2501 2N2218A 
2N718 | #2N2221 2N851 2N835 2N1386 2N2218 2N2537 | 2N2219 
2N718A | #2N2221 2N852 2N834 2N1387 2N2218 2N834 2N2219A 
2N719 | #2N3498 | ong69 | #2N3250]| 2N1388 | 2N2218 | 2n1963 | 2n834 | 2N2220 


2N7T19A | 2N3498 ON869A 2N3250]| 2N1389 | 2N2218 | 2n1964 2N2539 | 2N2221 
2N720 | #2N3498 2N909 2N2222 2N2218 | 2N1965 2N2539 | 2N2221A 
2N720A | #2N3498 2N914 #9N834 2N2537 | 2N1972 2N2219 | 2N2222 
2N721 | #2N2837 2N915 2N915 2N2537 | 2N1973 2N2219 | 2N2222A 
2N722 | #2N2837 | ong16 2N916 2N2537 | 2N1974 | 2N3498 | 2N2224 


2N722A | #2N2837 2N2537 


2N919 


2N834 2N1975 2N3498 | 2N2242 


2N726 | #2N3250 | 2N920 2N834 | 2N1420 |#2N2218 | 9n1983 | 9n22198 | 2N2243 
2N727 | #2N3250 | 2N921 2N834 2N1420A] 2N2219 | 2nN1984 | 2n2218 | 2N2244 
2N728 |#2N2539 | 2Nng922 2N834 | 2N1507 |#2N2219 | on1985 | on2218 | 2N2245 
2N729 # 2N2539 2N929 2N929 2N2218 | 2n1986 


2N2218 | 2N2246 


+ Motorola type indicated generally offers improved performance when used in place of the EIA type listed. 
# EIA type available in addition to Motorola preferred type. 
* Also available in TO-46 package. 
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Motorola High-Frequency Transistors 


CROSS REFERENCE GUIDE (continued) 


[aa [Wotato] EA [Matera] GA [Wororoa] EA [Morro] EA [Worl 


2N2247 2N834 2N2545 2N2949 2N2949 | 2N3252 2N3252 [— 2N3503 |#2N2905A 


2N2248 2N834 2N2651 2N2950 2N2950 | 2N3253 2N3253 | 2N3504 

2N2249 | 2N834 2N2696 2N3287 2N3287 | 2N3505 

2N2250 | 2N835 2N2951 2N2951 | 2N3288 2N3288 | 2N3506 

2N2251 2N835 2N2709 2N2800 | 2N2952 2N2952 | 2N3289 2N3289 | 2N3507 2N3507 
2N2711 2N834 2N2958 

2N2252 2N834 2N2712 2N834 2N2959 2N3290 2N3290 | 2N3508 2N3508 

2N2253 2N834 2N2713 2N834 2N3009 2N3291 2N3291 | 2N3509 2N3509 

2N2254 2N834 2N2714 2N3292 2N3292 | 2N3510 2N3510 

2N2255 2N834 2N3010 2N3293 2N3293 | 2N3511 2N3511 

2N2256 | 2N2256 | 2N2715 2N3011 2N3294 2N3294 | 2N3512 2N2537 
2N2716 2N3012 

2N2257 2N2257 | 2N2787 2N3013 2N3295 2N3295 | 2N3544 2N3544 

2N2270 2N2788 2N3014 2N3296 2N3296 | 2N3546 2N3546 

2N2297 2N2789 2N3297 2N3297 | 2N3634 2N3634 

2N2303 2N3015 2N3298 2N3298 | 2N3635 2N3635 

2N2318 2N2790 2N3019 2N3299 | #2N2218Al 2N3636 2N3636 
2N2791 2N3020 

2N2319 2N2792 2N3021 2N3300 |#2N2219A] on3637 2N3637 

2N2330 | 2N2330 | 2N2801 . 2N3302 2N3648 | 2N3648 

2N2331 | 2N2331 2N3023 2N3023 [| 2N3304 2N3719 2N3719 

2N2350 | MM1756] 2N2837 2N3024 2N3307 | 2N3307 | 9N3720 | 2N3720 
2N2838 2N3025 

2N2350A] MM1756| 2N2845 2N3026 2N3308 | 2N3308 | 2N3742 2N3742 

2N2368 |#2N3227 | 2N2846 2N3053 2N3309 2N3743 | 2N3743 

2N2369 |#2N3227 | 2N2847 2N3326 2N3796 | 2N3796 

2N2369A | # 2N3227 2N3110 2N3337 2N3797 2N3797 

2N2405 2N2848 2N3114 2N3338 2N3798 2N3798 
2N2868 2N3115 

2N2410 2N2883 2N3116 2N3339 2N3288 | 2N3799 2N3799 

2N2411 2N2884 2N3120 2N3467 2N3467 | MCS2135 

2N2412 2N2890 2N3507 2N3468 2N3468 | MCS2136 

2IN2476 2N3121 2N3485 2N3485 MCS82137 

2N2477 2N2891 2N3507 | 2N3133 2N3486 | 2N3486 | mcs2138 
9N2894 2N3134 

2N2478 2N2218 | 2N2904 2N3135 2N3493 2N3493 | MF3304 | MF3304 

2N2479 2N2218 | 2N2904A 2N3136 2N3494 2N3494 | MM1755 | MM1755 

2N2481 | 2N2481 | 2N2905 2N3495 2N3495 | MM1756 | MM1756 

2N2483 MM2483 2N3209 2N3496 | 2N3496 | mM1757 | MM1757 

2N2484 | MM2484] 2N2905A 2N3224 2N3497 | 2N3497 |MM1758 | MM1758 
2N2906 2N3225 

2N2501 | 2N2501 | 2N2906A 2N3227 : 2N3498 | 2N3498 | mm2090 | MM2090 

2N2511 | 2N3444 | 2N2907 2N3244 | 2N3244 | 2N3499 | 2N3499 | mm2091 | MM2091 

2N2537 | 2N2537 | 2N2907A 2n3245 | 2N3245 | 2N3500 | 2N3500 | mm2092 | MM2092 

2N2538 | 2N2538 2n3249 | 2N3248 | 2N3501 | 2N3501 | mm24e3 | MM2483 

2N2539 | 2N2539 | 2N2927 | 2N2800 | 5n3049 | 2N3249 | 2N3902 j#2N2905 | mM2484 | MM2484 

2N2540 | 2N2540 | 2N2947 2N2947 | on3059 | 2N3250 MM2894 | MM2894 

2N2605 |#2N3798 | 2N2948 2N2948 | 9n3951 2N3251 


+ Motorola type indicated generally offers improved perfor mance when used in place of the EIA type listed. 
# EIA type available in addition to Motorola preferred type. 
* Also available in TO-46 package. 


Motorola High-Frequency Transistors 


SILICON TRANSISTOR HIGH SPEED SWITCHING SELECTION GUIDE 


The following tables and graphs are intended fora rapid guide for selecting 
preferred silicon transistors for high-speed switching applications. The de- 
vices in this.category are optimized for low storage time. 


OPTIMUM COLLECTOR CURRENT RANGE 


2N706 2N3510 
2N708 2N3511 
2N744 2N3647 
2N753 2N3648 
2N835 

2N914 

2N2369 

2N2481 

2N3510 

2N3511 

2N3647 


2N2501 
2N3227 
2N3508 
2N3509 
MPS834 


2N2537 2N2537 
2N2538 2N2538 
2N2539 2N2539 
2N2540 2N2540 

2N3252 


2N3467 |2N3506 on3719 
2N3468 |2N3507 

2N3719 

2N3720 - 2N3720 
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Motorola High-Frequency Transistors 


HIGH-SPEED SILICON TRANSISTORS, FOR 
LOW CURRENT SATURATED SWITCHING 


LIMIT SPECIFICATIONS (at 25°C) (for typical variations, see accom 


Vv SWITC HING TIME 
Type -: hep CE(sat) 
(nsec) (nsec) 
oe SOOO ON a0, 2 ne wn pao iil Rial 
B™ ° 


REFERENCE 
CURVE 


2N706 20/- 0.6 
2N 708 30/120 0.4 a 

2N744 40/120q7 - 0.35 (+170°C 16 @1,=10 mA 24 @1.=10 mA 
2N 753 40/1202 1c710 mA 0.6 40 bg 7 - ae 
2N 834 25/- VogrlV 0.25 @1,=10 mA 16 ‘Biz3ma | 30 Ycc™ 

2N 835 20/- ae aan 20 

2N914 30/120 0.25 B 40 @I,=200 mA | 40@1,=200 mA 


Voc=5 V 
40/120 : 40 @1,=10 mA 


2N2481 


2N2501 


50/150 


2N2369 40/120 0.25 12 

2N3227 100/300 © Ig = 10 mA 0.25 O1,=10mA 12@1,=10 mA | 18@1,=10 mA 
2N3508 40/120 Vv. =1V 0. 25 Sem 12 7 18 

2N3509 100/300 CE - 0.25 by 2 Yoo? V 19 “ce? * 


2N3546 30/120 ee =10mA 0.15 @1,=10 mA 25 @1,=50 mA 35@ 1,=50 mA 
=1V I, =1mA Vocz3 V Voor3 V 

2N3248 50/150 ae = 10 mA 0.125 @1,=10mA | 20@1,=100 mA | 80 @1,=100 mA 

2N3249 100/300 Von =1V 0.125 1, =1mA 20 Vog=10v | 80 VQQ=10V 


HIGH SPEED SILICON TRANSISTOR CHARACTERISTIC CURVES 


TYPICAL VARIATIONS OF 
bpp vs Io Vor =1V) 
——foo —“— CT 


| seis = 


.5 
| | | | Variation or | | | 
Free, ea *8 Fo Be = 10 
4 


(All curves are eal 
except curve 42 which 
is a maximum curve) 
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7 ee PS 
eg BP } tt 


ett sere LIN 
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orn 
7 | 
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ee ie iia resi —Ae 
Kee et 


Vor (sat), COLLECTOR SATURATION 
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ee 
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= 20 & is ene 
. : Sine 
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8h eed ro) _— 
oe & 
6 -——}-— 2 6 —o a. 
a tt 
| eee ~ ‘ 
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ei oa 
100 
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Motorola High-Frequency Transistors 


HIGH CURRENT CORE DRIVERS AND PULSE AMPLIFIERS 


LIMIT SPECIFICATIONS (at 25°C) (for typical variations, see accompanying graphs) 


VoK(sat) SWITCHING TIME 


Type ace AF = 10 ort, +t, t ort +t 
Number (VOLTS) ‘on? off’ s f 
Paabe) (nsec) 
16 °*c* 18 


2N3510 25/150 @ 
2N3511 30/120 

2N3647 
2N3648 


REFERENCE 
CURVE 


Ty = 150 mA 


25/150 a -1V 
30/120 CE 


2N2537 
2N 2538 40 
2N 2539 50/150 Vv =10V 40 CC 
2N 2540 100/300 CE 40 R, = 40 ohms 


40 
2N3252 30/90 @1,= 500 mA 0.5 @I,= 500 mA 45 @1,= 500 mA 70 @I,= 500 mA 
2N3253 25/75 C607) 50 70 
2N3444 20/60 Ycr= iV 0.5 Jp 50 mA 50 Yoo 30V 70 Yo cc = 80V 


2N3506 40/200 @1,= 1.54 1.0 @I,=1.5A 45 @I, =1l5A 90 @I,=1.5A 
2N3507 30/150 Vor =2V 0.6 17 150 mA 45 Voc = 30V 90 Voc =30V 


50/150 


40@ Tn = 150mA 
100/30 


@ L,.= 150 mA 
VAnzZTtV 


Cc 


9 @1, = 150 mA 


2N2904 40/120 

2N2904A 40/120 100 

2N2905 100/300 100 

2N2905A 100/300 100 

2N2906 40/120 @ Io = 150 100 @ Io = 150 mA 
0 


2N2906A 40/120 


Sy 


2N2907 100/300 Vor= 
2N2907A 100/300 
2N3485 40/120 
2N3485A 40/120 

2N3486 100/300 


2N3486A 100/300 ; 
2N3467 40/120 @I, = 500 mA -5 @IQ= 500 mA 40 @l. = 500 mA 90 aed 500 mA 
2N3468 25/75 Vor =1V 0. I= 50 40 Vo = 30V 90 Vo = 30V 
2N3719 25/180 @I,= 1A 0.75 @ I, =1A ri: =1A 225 “c =1A 
2N3720 25/180 Vor =1.5V 0.75 1 = 100 mA =12V =12V 


i) 
ao a LAL LRH DL HP LPH LH 
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is TYPICAL VARIATIONS OF S 9 
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Motorola High-Frequency Transistors 


GERMANIUM HIGH SPEED SWITCHING TRANSISTOR 
SELECTION GUIDE 


These tables and graphs are intended as a rapid guide for selection of ger- 
manium transistors for high-speed switching applications. 


OPTIMUM COLLECTOR CURRENT RANGE 


1 mA - 50mA 10 mA - 100 mA 100 mA - 500 mA 


2N 705 2N711A 
2N 710 2N711B 
2N711 2N828 
2N 827 2N828A 
2N 968 2N829 
5-9 2N 969 2N960 
2N 970 2N961 
2N 971 2N962 
2N 972 2N 963 
2N 973 2N964 
2N 974 2N964A 
2N975 2N965 
2N 2258 2N966 
MM2259 2N967 
2N985 
MM2550 2N2635 2N1204 
MM2552 2N1204A 
MM2554 2N1494 
10 - 15 2N1494A 
2N2096 
2N2099 
2N2381 
16 - 20 _ 2N2956 2N2097 
2N2957 2N2100 
2N2382 
. ene 2N838 2N1495 
.more than 2N2955 2N1496 


21 
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— Motorola High-Frequency Transistors 


GERMANIUM HIGH SPEED SWITCHING TRANSISTOR 
SPECIFICATIONS 


he @ Io Vor (SAT) Switching Times (max) 


min/max max Volts @1, & I, ton = ty + t, nsec tore = ty + ty nsec 


2N2258 
2N2259 


25V = 5V 


2N711A | 25/150 
2N711B | 30/150 


2N828 25/- 


2N828A | 25/- 
2N829 50/- 
2N838 30/- 


20/- Ig = 10 mA 
20/- 


20/- 
20/- 


40/- 


40/- 
40/- 


40/- 
40/- 


40/- 


I, = 25 mA 


= 40 mA 
= 4mA 


I 
/ = 
20/- Ia = 40 mA | 0.25 I 


*TYP **CURRENT MODE 


GERMANIUM HIGH SPEED SWITCHING TRANSISTORS (continued) 


Refer- 
ence hre 
Curve Neer min, iis 


45/300 


2N2635 


14/17 | enzoss 
9N2956 


20/60 
40/120 


2N2957 


2N1494 


2N1494A 
2N1495 


2N1496 
2N2096 
2N2097 


200 mA 


400 mA = 200 mA 


2N2099 10 mA 


2N2100 


»- 
hot 
tH 


2N2381 ff 40/- 
2N2382 


a = 200 mA 0. c 200 mA 
40/- 0.4 I, = 20mA 


hee versus Ic. 


a 

oO 

i at 

vA anti a 

e : 

f : 

2) ze 

a 3 
RL) 

a ial 

N es 

3 

foe 

0.1 
0.2 O.5 10 20 50 100 200 500 1000 


Io Cclinercn CURRENT (mAdc) 


Max vole @ Ic & I i ton == ta -+ tr nsec 


Maximum Switching Time 
tort = ts + te nsec 


= 200 mA 
= -20 mA 
1 


= 20 mA 


22 Ia = 200 mA] 45 c= 200 mA 
22 Ip = 40 mA 45 as 40 mA 
I, = 40 mA 


Vce(sat) versus Ic 


CTH 
ine eal 


40 60100 200 400600 


In (mA) 


tott haa = 


tore (nsec) 


C= 


ie ee oe eee 


SILICON MEDIUM SPEED, SWITCHING TRANSISTOR SELECTION GUIDE 
These tables and graphs are intended to permit rapid comparison and sel- 
ection of silicon transistors for medium=-speed, general-purpose switching 
applications. | 


Optimum Collector Current Range : . 
100 «A-10 mA 10 mA-100 mA 100 mA-400 mA 400 mA-800 mA 


MM2894 
MPS2894 
MPS3639 
5-19 V MPS3640 


2N 916 2N1991 
2N2195B 
2N2958 
2N2959 
2N3115 
2N3116 


20-29 V 
2N2800 2N2217 - 2N2800 2N2217 2N722 2N718A 
2N2801 2N2218 2N2801 2N2218 2N1131 2N956 
2N2837 2N2219 2N2837 2N2219 2N1132 2N1613 
2N2838 2N2220 _ 2N2838 2N2220 2N2303 2N1711 
2N2221 2N3133 2N2221 2N2800 2N2217 
30-39 V 2N2222 2N3134 2N2222 2N2801 2N2218 
2N3135 2N2837 2N2219 
2N3136 2N2838 '2N2220 
2N3133 2N2221 
2N3134 2N2222 
2N3135 


_ 2N3136— 


2N2904 2N2218A | 2N1132A 
2N2905 2N2219A | 2N1132B 


2N2192 
2N2192A 


2N915 
MCS82135 


2N3244 
2N3245 


-MCS2137 
MCS2138 


MCS2136 _ 2N2906 2N2221A | 2N2904 2N2192B 
2N2907 2N2222A | 2N2905 2N2193 
2N3250 2N2906 2N2193A 
2N3251 2N2907 2N2193B 
2N3485 2N3244 2N2194 
2N3486 2N3245 2N2194A 

2N3485 2N2194B 
2N3486 2N2218A 


2N2219A 
2N2221A 


2N2904A 2N2904A 
2N2905A 2N2905A 
2N2906A ' 2N2906A 


2N2907A 
2N3485A 
2N3486A 


2N2222A 
2N2907A 
2N3250A 
2N3251A 
2N3485A. 


| 2N2904A 

2N2905A 

2N2906A 

2N2907A 

2N3485A 

2N3486A 

2N3486A 

 2N3494 2N3498 2N3498 
2N3496 2N3499 2N3499 


2N3495 2N3500 2N3500 
2N3497 2N3501 2N3501 
2N3634 

2N3635 : 

2N3636 

2N3637 


8-14 


60-79 V 


80-119 V 


_ wi 


Motorola High-Frequency Transistors 


SILICON TRANSISTOR MEDIUM SPEED SWITCHING 
SELECTION GUIDE 


Devices in this category are preferred for applications requiring high DC 
current gain and low leakage currents. 


NPN MEDIUM SPEED SWITCHING TRANSISTOR SPECIFICATIONS 


Limit Specifications (at 25°C) (For typical variations, see accompanying graphs) 


see page 


max 


Refer- 
ence Vor Gat) f Cc. 
Curves LA = 10 T ib ob 
Type B min 
Numbers 


8-17 


23 2N915 50/200 10 mA -0 10mA 10 
23 2N916 50/200 10 mA 10 mA 10 


5 
2N697 40/120 1.5 
2N718 40/120 1.5 
ON718A 40/129 109 mA 1.5 
9N956 100/300 1.5 
2N1420 100/300 1.5 
2N1613 40/120 1.5 
2N1711 100/300 1.5 
2N2217 20/60 0.4 
2N2218 40/120 0.4 
2N2218A 40/120 0.3 

2 2N2219 100/300 150 mA 0.4 
2N2219A 100/300 0.3 
2N2220 20/60 0.4 
2N2221 40/120 0.4 
2N2221A 40/120 0.3 
2N2222 100/300 0.4 
2N2222A 100/300 0.3 
2N2958 40/120 0.5 
2N2959 100/300 0.5 
2N3115 40/120 0.5 
2N3116 100/300 0.5 
2N2192 100/300 0.35 
2N2192A 100/300 0.25 
2N2192B 100/300 0.18 
2N2193 40/120 0.35 
2N2193A 40/120 0. 25 
2N2193B 40/120 0.18 

: 2N2194 20/60 120 mA 0.35 
2N2194A 20/60 0.25 
2N2194B 20/60 0.18 
2N2195 20/ - 0.35 

0.25 
0.18 
0. 
0. 
0. 
0. 


2N2195A 
2N2195B 


2N3498 
2N3499 
2N3500 
2N3501 


20/ - 
20/ - 


40/120 
100/300 
40/120 
100/300 


on 


a 


Motorola High-Frequency Transistors 


PNP MEDIUM SPEED SWITCHING TRANSISTOR SPECIFICATIONS 


Limit Specifications (at 25°C) (For typical variations, see accompanying graphs) 


V CK(sat) 


= 
ar 
Q 
pute 
Co 
Q 
(*) 
lox 


Refer- 
ence 
Curves 


MM 2894 - 40/150 30 mA 
MPS2894 40/150 30 mA 


MPS3639 30/120 10 mA 
MPS3640 30/120 10 mA 
2N869 20/120 10 mA 


2N995 35/140 20 mA 
2N3250 50/150 
2N3250A 50/150 
°2N3251 100/300 29 mA 


2N3251A 
2N3494 
2N3495 
2N3496 
2N3497 
2N3634 
2N3635 
2N3636 
2N3637 


peck ped _ 
Trt 


2N722 
, 2N1131 
2N1132 
2N1132A 
2N1132B 
31 2N1991 15/60 150 mA 
2N 2303 75/200 
2N 2800 30/90 
fs 2N2801 75/225 
2N 2837 30/90 
2N 2838 75/225 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


2N 2904 40/120 
2N 2904A 40/120 
2N 2905 100/300 
2N2905A 100/300 
2N 2906 40/120 
2N 2906A 40/120 
2N 2907 100/300 
2N2907A 100/300 
2N3133 40/120 
2N3134 100/300 
2N3135 40/120 
2N 3136 100/300 
2N 3485 40/120 
2N3485A 40/120 
2N 3486 100/300 
2N3486A 


0. 
0. 
0. 
0. 
L, 
0. 
0. 
1. 
1, 
1. 
i. 
1. 
1. 
1. 
0. 
0. 
0. 


2 
2 
1 
2 
0 
2 
2 
2 
2 
2 
3 
3 
3 
3 
5 
5 
5 
4) 
5 
5 
5 
5 
5 
3) 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
6 
6 
4 
4 
4 
4 
5 
6 


38 50/150 500 mA 500 mA 175 100 
38 30/90 500 mA 0.6 500 mA 150 100 
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Motorola High-Frequency Transistors 


SILICON MEDIUM SPEED TRANSISTORS 
CHARACTERISTIC CURVES 


Vce(sat) versus Ic 


Vg (SAT) (Vde) 
Oo oe 
> a 
| | 
=a 
— 
| 
— 
aoa 
SO 
a ee 
|’ 
— 
SS 
ben 
~—w 
| | 
Vor (sar) (Vdc) 


— 
a 
Soe seee=. ete 
2. ae oma oe 


5 10 20 500 1000 


100 200 
Ia COLLECTOR CURRENT (mA) 


fr versus Ic 


TAN: 


= 
| 
a 
a 
; 
E 
5 
a 
J 
= 
J 
I 
a 
I 


f-, CURRENT GAIN 
BANDWIDTH PRODUCT (Mc) 


5 10 50 100 500 1000 


Iu, COLLECTOR CURRENT (mAdc) 


re versus Ic 


PTT SS 
aoe 


Uhl 
OE ll 
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NPN Vce(sat) versus Ic 


a a 
| 
RE 
cee, | 
Fe a 


5 10 20 50 100 200 
In COLLECTOR CURRENT (mA) 


500 1000 


fr versus Ic 
NS 


| 


oti a, Oe 
PRE SS GR. SG SN AID, ET 


500 1000 


100 200 
Io COLLECTOR CURRENT (mAdc) 


1 2 5 10 20 50 


hee versus Ic 


eS TASES 
Sen St SSS 
ert eh IN NAN 
PT TNT INA TTI 


ae | 2 5 10 20 50 100 200 
Iq, COLLECTOR CURRENT (mAdc) 


500 1000 


Cob and Cib versus Ic 


1 5 1 5 10 50 100 
V COLLECTOR-BASE VOLTAGE (Vdc) 
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— Motorola High-Frequency Transistors — 
RF TRANSISTOR SELECTOR GUIDE 


These tables and graphs are intended to permit rapid comparison and se- 
lection of transistors for transmitter and receiver designs. The devices in- 
cluded are suitable for application as RF andIF amplifiers, oscillators, mixers, 
multipliers, power oscillators, drivers, output and harmonic generator stages. 


SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE 


High-Level 

Low-Level Oscillators 
‘Oscillators 100 mW 

P< 100 mW <P3< 2W 


RF and IF 

Amplifiers, 

Frequency Mixers and 
Range Material Converters 


Low-Level 
Wide-Band 
Amplifiers . 


2N 700 2N 700 2N1141 2N 700 
2N700A . 2N700A. 2N1142 2N 700A 
2N1141 2N1141 2N1143 2N1141 
2N1142 2N1142 2N1195 2N1142 
2N1143 2N 1143 2N1561 2N1143 
2N1195 2N1195 . 2N1562 2N1195° 
2N2929 2N2929 2N1692 2N2929 
2N3279 2N3379 2N1693 —  2N3279 
2N3280 2N3280 2N2929 2N3280 
2N3281 2N3281 2N3281 
2N3282 2N3282 2N3282 
2N3283 2N3285 2N3283 
2N3284 2N3323 2N3284 
2N3285 2N3324 2N3285 
2N3286 © 2N3325 7 2N3286 — . 
2N3323 2N3323 
2N3324 . 2N3324 
2N3325 . 2N3325 


2N918 2N918 2N2949 2N(918 

2N3287 2N3287 2N2951 2N3287 
2N3288 2N3288 2N2952 2N3288 
2N3289 2N3289 2N3309 2N3289 
2N3290 2N3290 2N3290 
2N3291 2N3293  2N3291 
2N3292 2N3298 2N3292 
2N3293 2N3293 
2N3294 2N3294 


2N3250 2N3250 2N3307 

2N3251 2N3251 -2N3308 
-2N3307 2N3307 

2N3308 2N3308 
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Frequency 
Range 


1 Ge 
Up 


Motorola High-Frequency Transistors 


SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE (continued) 


Polarity 


and 
Material 


oe 


Bie 


RF and IF 
Amplifiers, 
Mixers and 
Converters 


2N1141 
2N1142 
2N 1143 
2N1195 
2N2929 
2N3279 
2N3280 
2N3281 
2N3282 
2N3283 
2N3284 
2N3285 
2N3286 
2N3323 
2N3783 
2N3784 
2N3785 
MM2503 


2N918 
2N3287 
2N3288 
2N3289 
2N3290 
2N3291 
2N3292 


— 2N3293 


2N3294 


2N3288 
2N3289 
2N3290 
2N3291 
2N3292 
2N3293 
2N3294 
2N3544 


2N3783 
2N3784 
2N3785 
ep 


2N3783 
2N3784 
2N3785 


Low-Level 
Oscillators 
P os 100 mW 


2N 700 
2N 700A 
2N1141 
2N1142 
2N1143 
2N1195 
2N2929 
2N3279 
2N3280 
2N3281 
2N3282 
2N3285 
2N3323 
2N3783 
2N3784 
2N3785 
MM2503 


2N918 
2N3287 
2N3288 
2N3289 
2N3290 
2N3293 
2N3298 


2N918 

2N3287 
2N3288 
2N3289 
2N3290 
2N3293 
2N3544 


2N3783 
2N3784 
2N3785 
MM2503 


2N3783 
2N3784 
2N3785 


High-Level 
Oscillators 
100 mW 
<P oX< 2W 


2N1141 
2N1142 
2N1143 
2N1195 
2N1561 
2N1562 
2N 1692 
2N 1693 
2N2929 


2N2949 
2N2951 
2N3137 
2N3309 


Low-Level 
Wide- Band 
Amplifiers 


2N1141 
2N1142 
2N1143 
2N1195 
2N2929 
2N3279 
2N3280 
2N3281 
2N3282 
2N3783 
2N3784 
2N3785 
MM2503 


2N918 
2N3287 
2N3288 
2N3289 
- 2N3290 


2N3307 
2N3308 


2N918 


2N3783 
2N3784 
2N3785 
MM2503 


2N3783 
2N3784 
2N3785 
MM2503 


Motorola High-Frequency Transistors 
SMALL SIGNAL RF DEVICE CHARACTERISTICS 


ABSOLUTE MAXIMUM ELECTRICAL CIRCUIT PERFORMANCE 
RATINGS CHARACTERISE 
Ph Amplifier Oscillator 
Ambient| csp | EB hep a GotypNF @ f P, min @f 
min/max 


mW _ j|volts | volts Mec 


GERMANIUM PNP TYPES 


2N741 
2N741A 


2N1141 
2N1142 
2N1143 
2N1195 
2N2929 


2N3279 
2N3280 
2N3281 
2N3282 


2N3283 
2N3 284 
2N3285 
2N3286 


SS Se | eer Sie reer ire Ss 
aaaalranicolyaousrcl|/oonn 


100 30/200 
100 30/200 
100 30/200 


2N3783 : 100° 

2N3784 : 100 

2N3785 : 100 
: 100 


' 2N3290 


2N3291 
2N3292 
2N3293 
2N3 294 


MPS918 
MPS3563 


Co GS GS Go | Go Go Go Oo 0 


20/120 
35/140 
20/125 
10/175 


@ Available as MIL types 


® hee 


@ Minimum value 


@ Maximum value 2 
| : mssill 

SMALL SIGNAL DEVICE. : 

TYPICAL PERFORMANCE 5 


2N3279 SN 
2N3282|~_| 


a 
[ [anasto] [TTT ie 
asia — 


0 0 
20 50 100 200 SoD 1000 2000 
FREQUENCY, Mc 


NOISE FIGURE, db 
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Motorola High-Frequency Transistors 


LARGE SIGNAL RF APPLICATIONS SELECTOR GUIDE 


| 1SW<P. eae Iw< P| 50W<P. 
P 
o< IW] IW< P< SW LSW<PL<I5W) ey Range <50w | <100W 


2N1141 | 2N2832 2N2832 2N2834 1N4386 | 1N4386 
2N1142 1N4387 


Ge 2N1143 1N4388 
2N1195 
2N1561 
2N1562 
2N1692 
1 Mc 2N1693 
to 2N2929 
10 Mc FT NPN se 2N2949 2N2947 2N2947 
5N2952 | 2N2950 2N2948 MF8 12 
Si 9N3295 | 2N3296 2N3297 
2N3298 1 Me 
PNP to 
300 Mc 
Si 
PNP 
Ge 
10 Me 
to 
70 Mc 
NPN 2N2948 12N2947 
2N2950 MF812 
Si 2N3296 2N3297 MF832 
2N3309 
PNP 
Ge 
1N4387 — 
1N4388 
NPN 2N2949 2N2947 
2N2950 2N2948 
Si 2N3296 2N3297 
2N3309 2N3375 
70 M 
ee 2N3309A 2N3632 300 Mc 
rere 2N3553 2N3818 to 
2N3664 600 Mc 
2N3717 
2N3718 
PNP 
Si 


400 Mcf NPN 


Si 2N3664 
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Motorola High-Frequency Transistors | 


LARGE SIGNAL RF DEVICE CHARACTERISTICS | 


POWER AMPLIFIERS/OSCILLATORS 


ELECTRICAL 
CHARACTER- 
ABSOLUTE MAXIMUM RATINGS ISTICS CIRCUIT PERFORMANCE 


p Amplifier Oscillator 
c + 7 Py min @f Py min @f 
Case CB EB 
watts | volts | volts Lwatts| mc | watts | mc _| 


PNP GERMANIUM 


2N1561 
2N 1562 
2N 1692 
9N 1693 


NPN SILICON 


2N 707 
2N 707A 
2N2947 
2N2948 
2N2949 


bo bo 
DD OV OF mt be 


Oo 
o;jooooo 


Heomw lw rw wan 


2N3137 


2N3298 
2N3309 


2N3309A 
2N3375 
2N3953 
2N3632 


2N3664 


2N3717 
2N3718 
2N3818 
MF 812 
MF 832 
MM1803 
MM1941 
MM1943 


PNP SILICON 


2N2800 
2N2801 
2N2904 
2N2905 


sclsleze 


. 
. 
° 
. 


1 


0 
.0 
8 

0 

5 

0 
.6 


bo 
wwe oO 


500 min 


LINEAR AMPLIFIERS (NPN SILICON) 
ABSOLUTE MAXIMUM ELECTRICAL 
RATINGS CHARACTERISTICS CIRCUIT PERFORMANCE 
P. V V T h Cob fn P out Ge In 

case CB EB J FE max typ min min min f 

Type watts volts | volts "C min pf Mc watts db db Mc 
2N3295 60 5 175 8 400 0. 3(4) 14 30 30 
60 3 175 20 200 3 (4) 16 30 30 
60 3 175 60 200 12 (4) 10 30. 30 


_2N3296 
2N3297 


MINIMUM VALUE 
TYPICAL VALUE 

@) PEP, TWO 
TONE SSB TEST 
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Motorola High-Frequency Transistors 


_ LARGE SIGNAL RF DEVICE CHARACTERISTICS (continued) 


SILICON VARACTOR DIODES 


MAXIMUM 
RATINGS ELECTRICAL CHARACTERISTICS @25°C 


Multiplier 
Po min @ f 


1N4386 . 32.5 150 Q) 
1N 4387 ; 15 450 (4) 
1N4388 ‘ 11 1000(5) 
MVv1808 : : 5 2000(6) 


Typical Value 
Cr on = Cy + Co) 


f.7 50 Mc, n= 65 % min 


f° 150 Mc, n = 50% min 


f,, = 500 Mc, n= 55% min 


OOOOOO 


fin = 1000 Mc, n = 50% min 


LARGE SIGNAL DEVICE 
TYPICAL PERFORMANCE 


on 
on 
oo 
a?) 
" 


(WATTS) 


° 2N2951P, = 0. 1W 


P 


= 
a ee. 
on 


2N1692P 


|: 
tt 
t 
= 

Uy 


100 200 300 500 700 1000 2000 3000 
FREQUENCY (Mc) 
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meme Motorola High-Frequency Transistors ———— 


SMALL SIGNAL AMPLIFIER AND OSCILLATOR TRANSISTORS 
—TO 10 MC 


CURRENT GAIN (hz) ~ VOLTAGE (Vcc) RELATIONSHIP 


- Minimum pc euerent Gain (hy | oe 
Maxi- : : 
mum 
Vcro 
(for Si) 


VoEs | 
‘(for Ge) 


MPE=25|_ ap 


FE 3 100 


Volts PNP Si ara ame a ae PND Si ae! 
ae ee FAERIE EE a 


guia = aa 2N3493 Sea ee 
HI ae 2N708 2N2959 
2N3510 9N914 2N3116 
2N3647 9N3511 2N3227 
MPS706 2N3648 2N3509 
2N1991 | 2N969 | MPS3563] 2N711 - 19N3248 2N3248 2N3248 2N3249 
2N970 MPS; 
2N968 | ~~ | 9N705 22369 | 2NO64 
2N710 2N964A 
2N960 2N972 


2N1204 | 2N835 | 2N2635 ~ “2N916 2N2381 2N2959 
2N1494 | 2N2195 2N2958 2N2958 2N3116 
2N2195A 2N3115 2N3115 2N3227 


2N2195B 


2N834 
2N2217 
2N2220 
MPS834 


2N3508 


2N697 
2N222i 
2N3252 


2N3509 


2N1420 
2N2219 
2N2222 


2N3508 


2N3134 
2N3136 


"2N2801 
2N2838 


2N3133 
2N3135 


2N718A__ 


2N2194 2N1132A 2N2904 | 2N718A | 2N2382 | 2N3244 | 2N2905 
2N3245 | 2N1613 | 2N2906 | 2N1613 | 2N2957 | 2N3250 | 2N2907 |2 
2N2218A | 2N3485 | 2N2218A 2N3281 


2N2221A 
2N3506 


2N2221A 
2N3506 


2N3486 


2N3507 


2N915 2N3499 


2N2193 
2N2193A 
2N2193B 


_ 
J 


an 
| | = [ansase 


2N3634 | 2N3635 =f 


ere 
and ee 


Rg ] 2N3494 


— 

2N3495 2N3495 
= lee | ee] | 
T= = fasisoo [= Taras 
— 


eae [= fae = 
i ee 


ia tar 
120 2N3495 
esr | | | 
P= T= T= 
al 


Motorola High-Frequency Transistors 


NPN SILICON ANNULAR SMALL SIGNAL 


TRANSISTORS FOR FREQUENCIES TO 10 MC 


Py @ 
hee @ In and f 25°C 
Ambient 
mW 
40/120 150 2.5 
20 10 2 
30/120 10 3 
40/120 150 2.5 
40/120 il 30 
40/120 2 
25 3.5 
20 10 3 
30/120 3 
15/200 — 
15/200 —_ 
100/300 150 70 
2N1420 100/300 2: 
2N1613 40/120 35 
2N1711 100/300 70 
2N2192 100/300 2.5 
2N2192A 100/300 2.5 
2N2192B 100/300 2.5 
2N2193 40/120 2.5 
2N2193A 40/120 2.5 
2N2193B 2.5 
2N2194 2.5 
2N2194A 2.5 
2N2194B 2.5 
2N2195 2.5 
2N2195A 2.5 
2N2195B 2.5 20 
2N2217 2.5 8 
2N2218 2.5 8 
2N2218A 2.5 8 
2N2219 100/300 2.5 8 
2N2219A 100/300 2.5 8 
2N2220 20/60 2.5 8 
2N2221 40/120 2.5 8 
2N2221A 40/120 2.5 8 
2N2222 100/300 2.5 8 
2N2222A 100/300 2.5 8 
2N2369 40/120 4 
2N2958 8 
2N2959 8 
2N3115 8 
2N3116 8 
2N3227 100/300 10 4 
2N3252 12 
2N3253 25/75 500 12 
2N3444 20/60 _}. 12 
2N3493 40/120 0.5 0.7 
2N3498 40/120 10 
2N3499 100/300 46 10 
2N3500 40/120 8 
2N3501 100/300 8 
2N3506 40/1201500 40 
2N3507 30/150 40 
* 
VCER 
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- Motorola High-Frequency Transistors - 
NPN SILICON ANNULAR SMALL SIGNAL TRANSISTORS (continued) 


P @ 
25°C 
Ambient 
mW 


2) 
i) 
ion 


Neo @ In and f 


2N3508 40/120 10 
2N3509 100/300 _10 
2N3510 

2N3511 

2N3647 

2N3648 

2N3742 3 20/200 


00 

MCS2135 60 100/300 

MCS2136 60 250/750 
MPS706 20* 20/ - 
MPS834 30 25/. - 

MPS2923 

MPS2924 

MPS2925 235 


MPS3563 20/200 aoe 


PNP SILICON ANNULAR SMALL SIGNAL 
TRANSISTORS FOR FREQUENCIES TO 10 MC 


Ycro i ini Cop | Pp @25°C 
Type Volts hyp @ ” pf | Ambient mw 


2N 722 

2N1131 i 
2N1132 35 
2N1132A 40 
2N1132B 60 


bt Po oe CO CO OT OT 


—_ 

ow 

oo wb —_ 
or 


2N1991 20 15/60 

2N2800 35 30/90 

2N2801 35 75/225 150 mA 
2N2837 35 30/90 

2N2838 35 15/225 


2N2904 40 40/120 
2N2904A 60 40/120 
2N2905 40 | 100/300 150 mA 
2N2905A 60 100/300 


2N2906 40 40/120 


2N2906A §- 60 40/120 
2N2907 40 100/300 
2N2907A 60 100/300 150 mA 
2N3133 35 40/120 
2N3134 35 100/300 


2N3135 35 40/120 150 mA 
2N3136 35 100/300 150 mA 
2N3244 40 50/150 500 mA 
2N3245 50 30/90 500 mA 
2N3248 12 50/150 10 mA 


2N3249 12 100/300 
2N3250 40 50/150 
2N3250A 60 50/150 
2N3251 40 100/300 
2N3251A 60 100/300 
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Motorola High-Frequency Transistors 


PNP SILICON ANNULAR SMALL SIGNAL TRANSISTORS (continued) 


“CEO h_. @I h. @ L, andf POA ED ae 
Type Volts FE ~ ‘C fe “Cc pf | Ambient mw 
40 = — — 


2N3485 
2N3485A 60 40/120 — — aarets 


2N3486 40 100/300 150 mA a _ — 
2N3486A 60 | 100/300 = = = 
2N3494 40 10 mA 40 16 wA Tike 
2N3495 

2N3496 

2N3497 1 ke 
2N3634 

2N3635 

2N3636 50/150 50 mA 40 

2N3637 100/300 50 mA 80 10 mA ike 
2N3743 25/250 30 mA 30 j 

2N3798 150/450 0,5 mA 150 ma i ke 


2N3799 


300/900 0.5 mA 


PNP GERMANIUM SMALL SIGNAL 
TRANSISTORS FOR FREQUENCIES TO 10 MC 


MCS2137 
MCS2138 
MPS2894 


a 


I C Ps @25°C 
Ambient mW 


2N 1204 
2N 1494 
2N 1495 
2N 1496 
2N2381 


2N2382 40 200 mA 
2N2635 30 100 mA 
2N2955 20 

2N2956 30 10 mA 
2N2957 
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Motorola High-Frequency Transistors: 


2n697 Veer = 30-40 V 
2N718 f, = 300 Mc 
2N1420 


NPN silicon annular Star transistors for’: medium- 


oe a current switching and amplifier applications 


MAXIMUM RATINGS 


Characteristics 


Collector-Base Voltage 


Collector-Emitter Voltage 
| 2N697, 2N718 
2N1420 


Emitter-Base Voltage 


2N697 
2N1420 2N718 
TO-5 TO-18 


Total Device Dissipation at 
25°C Case Temperature 
Derating Factor Above 25°C 


Total Device Dissipation at 
25°C Ambient Temperatures 
Derating Factor Above 25°C 


Junction Temperature 


Storage Temperature range 


Characteristics 


Collector Cutoff Current 
(VcB = 30 Vdc, Ip = 0) 
(VcB = 30 Vdc, Ip = 0, Ta = 150°C) 


Collector-Base Breakdown Voltage 
(Ic = 100 wAdc, IF = 0) 


Collector-Emitter Breakdcwn Voltage 
(Ic = 100 mAdc, pulsed; Rp £ 10 Ohms) 
2B697, 2N718 
2N1420 . 


Collector-Emitter Saturation Voltage* 


V 
(Ic = 150 mAdc, Ip = 15 mAdc) CE(sat) 


Base-Emitter Saturation Voltage* — V 
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wmme—e Motorola High-Frequency Transistors 


2N697, 2N178, 2N1420 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 


DC Forward Current Transfer Ratio* 
(Ic = 1 mAdc, Vopr = 10 Vdc) 
2N697, 2N718 
2N1420 


(Ic = 150 mAdc, Vog = 10 Vdc) 
2N697, 2N718 
2N1420 


(Ic = 500 mAdc, Vopr = 10 Vdc) 
2N697, 2N718 
2N1420 


fleece sepia pots ete a GET RAE RCCL ATLEAST STR ERS = RAI SEER =—§ | eeitine eRe 


Small Signal Forward Current Transfer Ratio 


(Ic = 50 mAdc, Vog = 10 Vdc, f = 20 mc) se 


ae 


15 _ 


en vo nnn an_ mraz mmpannanngmunensasemna ene emmermasnneenaaaemmeanerenteaseeuasamecssaenerenememmcmmmmmmesagmnameneseneselltlli memmnnene euemanmmmenemenene liens anne nel 


Output Capacitance 
(VcB = 10 Vdc, Ig = 0) 


on/00,A 


pf 


Vero = 25 V 
G, = 20db @ 70 Mc 
NF = 10 db @ 70 Mc 


PNP germanium mesa transistors for oscillator, 


CASE 21 


(TO-17) amplifier applications. 


MAXIMUM RATINGS 


Characteristic Symbol 


Collector-Base Voltage 


Collector-Emitter Voltage 
2N700 
2N700A 


Emitter-Base Voltage 


oan en ee 


Collector DC Current 


Junction Temperature 


Storage Temperature 
Total Device Dissipation 


at 25°C Ambient 
(Derate 1 mwW/°C above 25°C) 


8-29 


frequency multiplier, wide-band mixer and wide-band 


100 


-65 to +100 


15 


Motorola High-Frequency Transistors 


2N700,A (continued) 
ELECTRICAL CHARACTERISTICS (Ta = 25°C Unless Otherwise Noted} 


Characteristic | symbol | Test Conditions | | Min| Typ| Max | Unit 


Collector-Base = - 7 a eee 
BreakdownVoltagel” CBO] 4c = 100 uAde, Ip = 0 All Types | 2 c 


foe 

Emitter “ 5 

Breakdown BVCEO} Ic = 100 uAdc, Ip = 0 | 2N700 
Voltage 2N700A 


“Emitter-Base Base 
BreakdownVoltage BVEROC| Ig = 100 uAde, Io = All Types acces Vde 


Collector Cutoff |IcBoO Vo CB = 6 Vdc, In = All Types} —|0.4| 2] uAdc 


Current | Vopg = 6 Vde, Ip = 0, ie, = 85°C 2N700 — | 60 | 150 
2N700A |—j|— | 50 


Small Signal 
Forward Current hee 


Transfer Ratio 


Ip = 2 mAdc, VCE = 6 Vdc, f = 1 ke 
Ip = 5 mAdc, Vcr = 6 Vde,f = 1 ke 
Ip = 2 mAdc, Vcr = 6 Vdc, f = 200 mcj2N700 


Input Impedance 


|—17 } 30] Ohms 
}—|55 100] Ohms 
1,141.5 


Base Resistance 


Collector-Base 


utputC apacitanc he 
case grounded 


p = 6 Vdc, Ig = 0,f = 100 ke 


mower Gain I, = 2 mAdc, Vog = 
(neutralized) 

Noise Figure 

Power Gain Ip = 2 mAdc, Vop = 


(neutralized) 


POWER GAIN, CURRENT GAIN, CURRENT-GAIN-BANDWIDTH PRODUCT 
& NOISE FIGURE vs. FREQUENCY vs CURRENT AND VOLTAGE 


1000 
ete le @ Vex = — 6 Vde 


800 


600 


HT 
CoC eae 


DECIBELS 


fr, CURRENT GAIN — BANDWIDTH PRODUCT (mc) 


2 5 10 20 50 100 200 500 1000 0 2 4 6 8 10 12 14 16 
f, FREQUENCY (mc) 1,, EMITTER CURRENT (mAdc) 
Vos, COLLECTOR — BASE VOLTAGE (VOLTS) 
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Motorola High-Frequency Transistors 


Vers = 15 V 
2n/05 =a. 


© 


CASE 22 PNP germanium mesa transistor for high-speed 
(TO-18) switching applications. 


MAXIMUM RATINGS 
Collector-Base Voltage 15 
Collector-Emitter Voltage 15 


Emitter-Base Voltage | 3.5 


Collector Current 50 


Emitter Current 50 
Junction Temperature | 100 
Storage Temperature T -65°C to +100°C 


Collector Dissipation @ 25°C Case Temp. 300 
(Derate 4 mW/°C above 25°C) 


Collector Dissipation in Free Air 150 


NORMALIZED D.C. CURRENT GAIN COLLECTOR SATURATION VOLTAGE 
versus COLLECTOR CURRENT versus AMBIENT TEMPERATURE 


NORMALIZED D.C. CURRENT GAIN 


Veg(sat), COLLECTOR SATURATION VOLTAGE (VOLTS) 


01 0.2 0.5 1.0 2.0 5 10 20 50 100 
Ic, COLLECTOR CURRENT (mAdc) 


—75 —50 —25 0 +25 +50 +75 +100 
T,, AMBIENT TEMPERATURE (°C) 
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Motorola High-Frequency Transistors 


2N705 (continued) | 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted ) 


Characteristic Symbol 


Collector-Base Breakdown Voltage 


Vde 
(I, = 100 pAdc, I, = 0) 


Collector-Emitter Breakdown Voltage 
(lap = 100 Adc, VBE = 0) 


Emitter-Base Breakdown Voltage 
(I, = 100 pAdc, In = 0) 


Collector Cutoff Current 


p.Adc 
(Van = § Vdc, I= 0) 


DC Forward Current Transfer Ratio 
C 
Collector Saturation Voltage 


(Vop = +3 Vde, I, = 10 mAdc) 


< < 


wW 

'e3| 
~y oe es o 
Oo (a) > —_ 
© or foo) 


(I, = .4 mAdc, In = 10 mAdc) 
(I, = 5 mAdc, In = 50 mAdc) 
Base-Emitter Voltage V 
(I, = .4 mAdc, In = 10 mAdc) | 
Small Signal Forward Current Transfer Ratio deo 
(Vor = 1.0 Vdc, In = 10 mAdc, f = 100 mc) 
Collector Capacitance Cc 
(Voy = 10 Vde, I, = 0, f = 1 me) ep 
Input Capacitance Cc. 
(V op, = 2 Vde) 
Common Base Alpha Cutoff Frequency f 
(Vop = 5 Vde, I, = 10 mAde) ap 
Delay + Rise Time t,+t 
(I, = 10 mAdc, 1, = 1 mAde) a 
Storage Time | t 
(I, = 1-0 mAde, 1,5 = . 25 mAdc) : 
Fall Time t 
(lpi = 1.0 mAdc, In9 = .25 mAdc) : 


CURRENT GAIN-BANDWIDTH PRODUCT (f-) 
versus COLLECTOR CURRENT 


t,, STORAGE TIME (NANOSECONDS) 


fr, GAIN BANDWIDTH PRODUCT ( MEGACYCLES) 


Vee = 1 Vdc 
T, = 25°C 
0 
0 10 20 30 40 _ 50 


le/Ig:, CIRCUIT CURRENT RATIO Ic, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


the Sern 
re = 20-40 
f, = 400 Mc 


© 


NPN silicon annular switching transistors for high- 


CASE 22 speed switching applications. 
(TO-18) p 1 g appl 


MAXIMUM RATINGS 


Characteristic Symbol Rating 


Collector- Base Voltage 
Collector-Emitter Voltage 


Emiitter- Base Voitage 


Junction Temperature 
Storage Temperature -65 to +175 


Total Device Dissipation 1.0 
at 25°C Case Temperature 
(Derate 6.67 mW/°C above 25°C) 


Total Device Dissipation 
at 25° C Ambient Temperature 
(Derate 2 mW/°C above 25°C) 


Total Device Dissipation 
at 100°C Case Temperature 
(Derate 6.67 mW/°C above 100°C) 


*Refers to collector breakdown voltage in the high current region when Roe = 1092) 


é 7 “~~. 
Type R Sampling Resistor 
yp ped Vee = + 10Vde 


Type R Sampling Resistor pa 
200 


Veco == 3Vde Vee == 10Vde 


Pulse Volts SrGes, oo. Aetust tor LUM) Pulse Volts 9800 > {adjust for 10mA) 
Internal pesisyatce Internal Resistance 


ey, 2 11V 
Se 5" + SCOPE 541 
ov -|-—|- ov- -|--|- ae OR EQUIVALENT 
sae _AV 
_10V 
SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT 
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—- Motorola ‘High-Frequency Transistors —— 


2N706,A,B, 2N753 (continued) 


ELECTRICAL ‘CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic Type Symbol Min Typ Max Unit 


Collector Cutoff Current 
(Vop = 15Vde, Ig = 0) 
(Vcp = 15Vde, Ig = 0, Ta = 150 °C) 
(Vop = 25Vdc, ip = 0) 


I 
All Types CRO : 
All Types - 3 30 

2N706A, 2N706B, 

2N753 10 


Collector-Emitter Cutoff Current 
(VCE = 20Vdc, Rbpe = 100k) 2N706A, 2N706B, 


2N753 


Emitter Cutoff Current 
(VEB = 3Vdc, Ic = 0) 
(VEB = 5Vdc, Ic = 0) 


2N706 
2N706A, 2N706B, : : 10 
2N753 


Collector-Emitter Breakdown Voltage * 
( Ic = 10mAdc,Ip = 0) 


All Types 


Collector-Emitter Breakdown Voltage* 


(R = 10 ohms, Ic = 10mAdc) . All Types 


Forward-Current Transfer Ratio* 
(Ic = 10mAdc, VCE = 1Vdc) 


2N706 


2N706A, 2N706B, 20 40 60 
~  2N753 40 - 120 
Base-Emitter Voltage* VBE (sat)* Vde 
(Ie = 10mAdc, Ip = 1mAdc) 2N706 2. 0.75 0.9 
2N706A, 2N706B, 
2N753 0.7 0,75 0.9 
Collector Saturation Voltage* Vcr (sat)* Vde 


(Ie = 10mAdc, Ip = ImAdc) 2N706, 2N706A - 0.3 0.6 
2N706B - 0.3 0.4 

2N753 - 0.18 0.6 
(Ie: = 50mAdc, Ip = 5mAdc) - 2N753 0.3 


Collector Capacitance 
(VcB = 5Vdc, Ip = 0 


2N706A, 2N706B, 
2N753 - 4.5 5 
2N706 


(VcB = 10Vdc, Ip = 0) 


Smaill-Signal Forward Current Transfer Ratio 
(VcE= 15Vdc, Ip = 10mAdc, 
f = 100mc) 


All types 


Current Gain- Bandwidth Product 
(Vcr = 15Vdc, Ip = 10mAdc, 
f = 100mc 


Base Resistance 
(VcE = 15Vdc, Ip = 10mAdc, 
f = 300mc) 


Charge Storage Time Constant 
(See Figure 2) 


All types 


ERPS EE IS 


2N706B 


2N706 


2N706A - 16 25 
2N753 - 19 35 
Se A 


2N706B 


-Storage Time 


All types 
All Types 


Turn-On Time 


Turn-Off Time 


*Pulse Test: PW — 12 nsec, Duty Cycle = 2% 
** Switching Times Measured with Tektronix Type R Plug-In 
(50Q Internal Impedance) and Circuits Shown Below. 


8-34 


Motorola High-Frequency Transistors 


77 finax = 600 Me | 
2/07, A P, = 200-400 mW @ 100M 


@ 


NPN germanium epitaxial mesa transistors for VHF 
oscillator and class C amplifier applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Symbol Rating Unit 
2N707 2N707A 


Collector-Base Voltage Vcso 56 70 Vdc 
Collector-Emitter Voltage VcEO 28* 40+ Vdc 
Emitter-Base Voltage VeEBo 4 5 Vdc 
Total Device Dissipation at 25°C Case Temperature Pp 1.0 1.2 Watt 
(Derate above 25°C) 6.67 8 mW/°C 
Total Device Dissipation at 25°C Ambient Temperature Po 0.3 0.5 Watt 
(Derate above 25°C) 2 3.33 
Junction & Storage Temperature Range Tj, Tstg —65to +175 oC 
*Refers to Collector Breakdown Voltage in the high current region when R,, — 10 ohms. t Veto 
50 Nn | pike 
2N707 Air 50 2 
Input 180 pf 2N707A (Note 1) 0.001 nf | 


Core Output 


Heat sink is required. 


Z 
fe) 
ry 
m ¢ 
NO 


Adjust for Class C operation. 
L1 5 turns #14 wire wound on ~ Note 3 Very High conductance silicon 
1/2" diameter. diode. 
Lo 2 turns #14 wire wound on Ly. Note 4 Adjust Vec for Poor VCE 


100 MC, CLASS C, COMMON BASE AMPLIFIER 
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: Motorola High-Frequency Transistors 


2N707,A (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector-Basea Breakdown Voltage 
(Ic = 10 w# Adc, Ig = 0) 2N707 
2N707A 


Collector-Emitter Breakdown Voltage 
(Ic = 10mAdc, R = 10 ohms) 2N707 


Collector-Emitter Breakdown Voltage* 
(I¢ = 20 mAdc, Ip = 0) 2N707A 


Emitter-Base Breakdown Voltage 
(I = 100 wAdc, Ic = 0) 2N707A 


Collector Cutoff Current 
(Vop = 15 Vde, Ip = 0) 2N707 
(VcB = 15 Vdc, Ip = 0, Ta = + 150°C) 2N707 
(Vcp= 30 Vdc, Ip = 0) 2N707A 
(Vcp = 30 Vdc, Ig = 0,T, = 150°C) 2N707A 


Emitter Cutoff Current 
(VEB = 4 Vde, Ic = 0) 2N707 
(VepB = 5 Vde, Ic = 0) 2N707A 
Forward Current Transfer Ratio 


(Ic = 10 mAdc, VCE = 1 Vdc) 2N707 
2N707A 


Collector Saturation Voltage 
(Ic = 10 mAdc, Ip = 1 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1 mAdc) 
Collector Capacitance 
= 10 Vdc, Ip = 0) 2N707 
= 5 Vdc, Ip = 0)2N707A 
Current Gain-Bandwidth Product 
(VcRE = 10 Vdc, Ig = 15 mAdc) 


Maximum Frequency of Oscillation 


r’pCc Product 
(VcpR = 10 Vdc, Ic = 10 mAdc,f = 4 mc) 


Power Output, 100-mc, Common Base, 
Class-C Amplifier (Figure 1) 
(Vor = 20 Vdc, Pi, = 50 mW) All Types 
(Vcr = 40 Vde, Pin =175 mW) 2N707A 


100-me Oscillator Efficiency 
(VoRg = 28 Vdc, Ic = 40 mAdc) 


*Pulse Test 300 usec, 2% duty cycle 


VCE(sat) 


VBE(sat) 
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Typ 


Max Unit 
Vde 
Vdc 
Vde 
Vde 
uAdc 
“S 
1.0 
100 
uAdc 
10 
100 
50 
Vdc 
0.6 
Vdc 
0.9 
pf 
10.0 
6.0 
mc 
-<- mc 
psec 
mW 
% 


Motorola High-Frequency Transistors 


2n/08 Veto =15V 


NPN silicon annular transistor for high-speed switch- 


CASE 22 ing applications. 


(TO-18) 


MAXIMUM RATINGS 


Characteristic Symbol Rating Unit 
Collector-Base Voltage Veno 40 Vde 
Collector-Emitter Voltage VCEO 15 Vdc 

Emitter-Base Voltage VEBO 5.0 Vde 


Total Device Dissipation P Watts 
25°C Case Temperature D 1.2 
(Derate 6.9 mW/°C above 25°C) 
0. 68 
P Watts 
p 0. 36 
Junction Teniperatare eT Ce 
Storage Temperature T stg -65 to +300 “C 


100°C Case Temperature 
ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


(Derate 6.9 mW/°C above 100°C) 
Characteristic 
Collector Cutoff Current IcBpo 


(Vop = 20 Vdc, Ip = 0) 
(Vop = 20 Vdc, Ig = 0, Ta = 150°C) 


Emitter Cutoff Current 
(Vep = 4.0 Vdc, Ic = 0) 


Collector-Base Breakdown Voltage BVcBO 
(I¢ = 1.0 wAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage BVcEO 
(Ic = 30 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage BVCER 
(Io = 30 mAdc, Rup = 10 2) 

Emitter-Base Breakdown Voltage BVEBO 
(Ig = 10 pAdc, Ip = 0) 


Forward Current Transfer Ratio h 
(Ic = 0.5 mAdc, Vop = 1.0 Vdc) 
(I¢ = 10 mAdc, Vog = 1.0 Vde)* 
(Ig = 10 mAdc, Vcr = 1.0 Vde, Ta = -55°C)* 


FE 

Small Signal Forward Current Transfer Ratio hee 
(Ic = 10 mAdc, Vog = 10 Vde, f = 100 mc) 

ob 


Total Device Dissipation 
25°C Ambient Temperature 
(Derate 2 mW/’C above 25°C) 


= OD be 


Collector Saturation Voltage VcE(sat) 
_ (Ig = 10 mAdc, Ip = 1.0 mAdc) 
(Ig = 7.0 mAdc, Ip = 0.7 mAdc, Ta = -55 to 125°C) 
Base-Emitter Saturation Voltage __ VBE (sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) : 
(Ic = 7.0 mAde, Ip = 0.7 mAdc, Ta = -55°C) _ 
Output Capacitance c 
(Vop = 10 Vde, Ip = 0) 
Storage Time (Figure 1) 
(Ic = Ip = Ipo = 10 mAdc) 
Collector Current Iorx 
(VoR = 20 Vde, Vag = 0.25 Vde, Ta = 125°C) 
Base Resistance 
(Ig = 10 mAdc, Vox = 10 Vdc, f = 300 mc) 


* Pulse Test: Pulse width = 300 usec, duty cycle = 2% 
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Motorola High-Frequency Transistors 


j | Vers = 15 V 
- PNP germanium mesatransistor for saturated and 
case 22 and non-saturated switching applications. So 


MAXIMUM RATINGS (At 25°C unless otherwise noted) 


| Characteristic [Symbol | Rating 
| Collector to Emitter Voltage 


Vd 


A 


Collector Current Pt | 50. | Ade 
Emitter Current ee 
[Js tenee 


Collector Dissipation @ 25°C Case Temp. 
(Derate 4mW/°C above 25°C) 
Collector Dissipation i in Free Air ia 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector to Base Breakdown Voltage 
Ic = —100z Adc, In = 0 


Collector to Emitter Breakdown Voltage 
Ics = —100uAdc, Vax = 0 


Emitter to Base Breakdown Voltage 
Iz = —100zAdc, Ic = 0 


Collector Cutoff Current 
Ves = —6Vdc, Iz = 0 


Forward Current Transfer Ratio 
Ves = —.5 Vdc, Ic = —10mAdc 


Collector Saturation Voltage 
In = —0.4mAdc, Ic = —10mAdc 


Base to Emitter Voltage 
Is = —.4mAdc, Ic = —10mAdc 


Delay + Rise Time (Fig. 1) 
Is = —1.0mAdc, Ic = —10mAdc 


Storage i (Fig. 1) 
In = —1.0mAdc, Is: = .25mAdc 


Fall Time (Fig. 1) 
In — ImAdc, Is: = .25mAdc 


Motorola High-Frequency Transistors 


on/11,A,B Yoo 7¥ 


Ic = 50-100 mA 
f; = 300-320 Mc Typ 


@W PNP germanium mesa transistors for high-speed 


switching applications. 
CASE 22 5 PP 
(TO-18) 


MAXIMUM RATINGS 


——— tte _ Sobel 20711207114 “27118 


Junction Temperature 


Storage Temperature 


Device Dissipation @ To = 
Derating factor above 25°C 


Device Dissipation @ T, = 25°C 
Derating factor above 25°C 
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~~ Motorola High-Frequency Transistors --—— 
2N711,A,B (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


cers abel Characteristics 
Collector-Base Breakdown Voltage a 
(ig = 100 pAde, Ig = 0) en711 
2N711A 

(ic 


2N711B 
Collector-Emitter Breakdown Voltage 
(Ic = 100 Adc) aN711 
2N711A 


2N711B 


* 20 pAde, Ig = 0) 


(lg = 20 y Ade) 


Collectar-Emitter Breakdown Voltage 
(lc = 5 mAdc, Ip = 0) 


2N711A, 2N711B 


Emitter-Base Breakdown Voltage 
(Ig = 0,1 mAde, Ip = Q) 2N711 
QN711A 
aNn711B 


Collector-Base Cutoff Current 
(Vop = 5 Vde, Ip = 0) 2N711 
2NTL1LA’ 


(Vog = 10 Vde, Ig = 0) 2N711B 


Emitter-Base Cutoff Current 
(Vep = 1 Vdc) 2N711A 
2N711B 


DC Current Gain 

(Ig = 10 mAdec, Veg = 0.5 Vde) 2N711 
QNT11A 
2N711B 


(Ic = 50 mAde, Vog = 0.7 Vdc) 2N711A, 2N711B 


20 
25 
30 
40 


Collector Saturation Voltage 


(Ig = 10 mAde, Ip = 0.5 mAdc) 2N711 
2NT11A 
(Ig = 10 mAde, Ip = 0.4 mAdc) 2N711B 


(Ig = 50 mAde, Ip = 2 mAdc) 2N7T1L1A 
2N711B 


Small~Signal Current Gain 


(lg = 10 mAde, Vog = 5 Vde, f = 100 me) 2N7L1A, 2N7L1B 
(ig * 10 mAde, Vog = 0,5 Vde, f = 100 me) QNT1LA 
2NTLIB 


Base-Emitter Voltage 


¢ 

8 

a 
4 
o oo 4 


(Ic = 10 mAdc, Ip = 0.4 mAdc) QN711, 2N711A 
2N711B 

(Ic = 50 mAdc, Ip = 2 mAdc) 2N711A 
2N711B 


Collector Output Capacitance 
(Vop = 5 Vde, Ig = 0,f= 1 me) 2N711A, 2N711B 


(Vo = 10 Vde, Ig = 0,£ = 1 mc) 2N711 


Fall Time 


_{ QNTLIA 
igure +: } 2N711B 


2N711A 
Figure 2: { 2N711B 


2N711 


Minority Carrier Storage Time 


_ f QNT11A 

Piguee. fe 2N711B 
QN711A 

Figure 2: { 2N711B 
2N711 


Delay Plus Rise Time 


Figure 1: { 2N711A, 2N711B 


2N711A, 2N711B 15 
Figure 2: { peas ao 
SWITCHING CIRCUITS 
—3.5Vde 
SCOPE — TEKTRONIX 545 
Hit rr packarn OR EQUIVALENT ae 
PULSEGEN INPUT 
I. a TEKTRONIX 541 
ov - +$1.25V R EQUIVAL 
| | o--- -P~ 
—4.5V 5K 
Lysec a oa —5.4V 


RISE AND FALL TIME < 1 nsec 
PULSE WIDTH 0.5 usec 
SKL MOD. 503 OR EQUIVALENT 
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Motorola High-Frequency Transistors 


2N711,A,B (continued) 


COLLECTOR SATURATION VOLTAGE COLLECTOR SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE STORAGE TIME versus CIRCUIT CURRENT RATIO 


Vor (oat), COLLECTOR SATURATION VOLTAGE (VOLTS) 
Vor (sat), COLLECTOR SATURATION VOLTAGE (VOLTS) 


—60 —40 —20 0 +20 +40 +60 +80 +100 | 2 4 6 8 10 20 40 60 80 100 
T,, AMBIENT TEMPERATURE (°C) Ic/ls, CIRCUIT CURRENT RATIO 
NORMALIZED DC CURRENT GAIN STORAGE TIME versus 
versus COLLECTOR CURRENT CIRCUIT CURRENT RATIO 


t,, STORAGE TIME (nsec) 


NORMALIZED D-C CURRENT GAIN 


5 10 15 
Ic/lav CIRCUIT CURRENT RATIO 


0.1 05 10 2.0 5.0 10.0 20.0 50.0 100.0 


Ic, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


on/ 18 


For Specifications, See 2N697 Data Sheet 


on/ 18A 


2N956 Vox = 50V 
®N1613 f; = 300 Mc Typ 
ONI711 


@ 


NPN silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 


CASE 22 CASE 31 
(TO-18) (TO-5) 


2N718A 2N1613 
2N956 2N1711 


MAXIMUM RATINGS 


2N1613 2N718A 
Characteristic 2N1711 2N956 


(TO-5) (TO-18) 
Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


- Total Device Dissipation at 
25°C Case Temperature 
Derate 


Total Device Dissipation at 
25°C Ambient Temperature 
Derate 


Junction Temperature Ty -65 to +200 


Storage Temperature -65 to +300 
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Motorola High-Frequency Transistors 


2N718A, 2N956, 2N1613, 2N1711 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Characteristic 

Collector Cutoff Current 

(Vop = 60 Vdc, Ig = 0) 
Collector Cutoff Current 

(Voz = 60 Vdc, Ta = 150°C) 
Emitter Cutoff Current pAdc 

(Vp = 5 Vde, Io = 0) 2N1613, 2N718A .010 

2N1711, 2N956 . 005 


Collector-Base Breakdown Voltage 


(Ig = 100 wAdec, I, = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc, pulsed; Rpg = 10 2) 


Emitter-Base Breakdown Voltage . 
(Ip = 100 wAdc, Ic = 0) 


Collector Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 


DC Forward Current Transfer Ratio 


(Ig = .01 mAdc, Vog = 10 Vde) 2N1711, 2NO56 

(Ig = 0.1 mAdc. Vog = 10 Vdc) 2N1613, 2N718A 
2N1711, 2N956 

(Ig = 10 mAdc, Vog = 10 Vde) 2N1613, 2N718A 
2N1711, 2N956 


(Ig = 10 mAde, Vo =10Vde, Ta =-55°C) 2N1613, 2N718A 
2N1711, 2N956 


p1Sgrvirieve 


(Ig = 150 mAde, Voy = 10 Vdc)" 2N1613, 2N718A 1 
QN1711, 2N056 3 
(Ig = 500 mAdc, Vog = 10 Vdc)" 2N1613, 2N718A 


2N1711, 2N956 


Output Capacitance 
(Voz = 10 Vdc, Ip = 0, f = 100 kc) 


Input Capacitance 
(Vip = 0.5 Vdc, Ig = 0, f = 100 kc) 
—13 . 


ma gna n 
(VoR = 10 Vdc, Ic = 50 mAdc, f= 20 mc) 


(Ic = 1mAdc, VoR‘ =5 Vdc, f=1 ke) 


(Ic = 5mAdc, VoR = 10 Vdc, f=1 ke) 


Input Resistance 
(Ic = 1 mAdc, Vop = 5 Vae, f = 1 kc) 
(Ic = 5 mAdc, Vop = 10 Vde, f = 1 ke) 


Voltage Feedback Ratio 

(Ic = 1 mAdc, Vop = 5 Vde, f = 1 kc) 2N1613, 2N718A 
2N1711, 2N956 

(ic = 5 mAdc, Vop = 10 Vdc, f = 1 ke) 2N1613, 2N718A 
2N1711, 2N956 


Output Conductance 
(Ic = 1 mAdc, Vop = 5 Vdc, f = 1 kc) a 
(Ig = § mAdc, Vop = 10 Vdc, f = 1 ke) 
Noise Figure 


(Vop = 10 Vdc, Ic = 300 Adc, f=1kc) 2N1613, 2N718A 
2N1711, 2N956 


*Pulse Test: Pulse width < 300 usec Duty cycle 5 2% 
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Motorola High-Frequency Transistors 


on/22 


2N1132,A,B Nees mee id A 
2N2303 paar 
fr = 250 Mc Typ 


PNP silicon annular transistors for medium-current- 
switching applications. 7 


CASE 22 CASE 31 


 (TO-18) (TO-5) 


2N1132,B 2N722 
2N2303 


MAXIMUM RATINGS 


Collector-Base Voltage VcBO Vdc 
50 
60 . —— 
70 


2N722, 2N1132, 2N2303 
2N1132A 
2N1132B 


Collector-Emitter Voltage 
2N722, 2N1132, 2N2303 
2N1132A 

2N1132B 


Emitter-Base Voltage 
2N722, 2N1132, 2N1132A, 2N2303 
2N1132B 


Collector-Emitter Voltage 
(Rap = 102) 

2N722, 2N1132, 2N1132A, 2N2303 

2N1132B 


Collector Current 
| 2N2303 
2N1 132A, 2N1132B 


Total Device Dissipation @ Tc = 25°C 
-TO-5: 2N1132, 2N1132A, 2N1132B, 2N2303 
Derating Factor Above 25°C 


TO-18: 2N722 | 
Derating Factor Above 25°C 


Total Device Dissipation @ Ta, = 25°C 
TO-5: 2N1132, 2N1132A, 2N1132B, 2N2303 
Derating Factor Above 25°C | 


TO-18: 2N722 
Derating Factor Above 25°C 


8-44 


Motorola High-Frequency Transistors 


2N722, 2N1132,A,B, 2N2303 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted) 


Characteristic Min 


Collector-Base Breakdown Voltage 
(Ic = 100 pAdc, Ip = 0) 2N722, 2N1132, 2N2303 

2N1132A 

2N1132B 


BVcBO 


Emitter-Base Breakdown Voltage 


(Ip = 100 pAdc, Io = 0) 2N722, 2N1132, 2N2303 ae 
(lp = 1 mAdc, IG = 0) 2N1132A ee 
c 2N1132B -_ 


Collector-Emitter Breakdown Voltage 
(Iq = 100 mAdc pulsed) 2N722, 2N1132, 2N2303 

2N1132A 

2N1132B 


Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc pulsed, Ry, = 10 2) 2N722, 2N1132, A, 2N2303 
2N1132B 


Collector Cutoff Current IcBoO 


(Vcp = 30 Vdc, Ip = 0) 2N722, 2N1132, 2N2303 
(Voz = 30 Vdc, Ip = 0, Ta = 150°C) 2N722, 2N1132, 2N2303 100 


(Vop = 50 Vde, Ig = 0) 2N1132A ae 
2N1132B ai 
(Vop = 50 Vde, Ip = 0, Ta = 150°C) 2N1132A i 
2N1132B pe 


Emitter Cutoff Current Inn O 
(VB = 5 Vde, I, = 0) 2N1132A 
2N1132B 


(Vep = 2 Vdc, In = 0) 2N2303 100 
DC Forward Current Transfer Ratio. hpr — +: 
(Ic = 5 mAdc, VcE = 10 Vdc) 2N722, 2N1132, A, B = 
2N2303 ak 
(Ic = 150 mAdc, Vog = 10 Vdc) 2N722, 2N1132, A, B 90 
2N2303 200 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 150 mAdc, Ip = 15 mAdc) All Types pam 1.5 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = 150 mAdc, Ip = 15 mAdc) All Types ais 1.3 
Output Capacitance Cob pf 
(Vop= 10 Vdc, Ip = 0,f = 1 me) 2N1132A, 2N1132B a 30 
Input Capacitance | Cip pf 
(Vep = 0.5 Vdc, Ip = 0, f= 100 ke) All Types _ an 
Small-Signal Forward Current Transfer Ratio Nee — 
(Ic = 1 mAdc, Vcg = 5 Vdc, f = 1 kc) 2N722, 2N1132 25 100 
; 2N1132A, 2N1132B 25 15 
2N2303 15 300 
(Ic = 5 mAdc, Vcg = 10 Vde, f = 1 ke) 2N722, 2N1132, A, B 30 ae 
2N2303 15 = 
Current-Gain — Bandwidth Product fr =e 
(Ip = 50 mAdc, Vog = 10 Vde, f= 20 mc) All Types 60 — 
Small Signal Input Resistance hip ohms 
(Ic = 1 mAdc, Vcp = 5 Vde, f= 1 ke) 25 35 . 
: Al T 
(Ig =" 5 mAde, Vop = 10 Vde, f= 1 ke) es = 10 
Small Signal Output Admittance ; Nop #mhos 
(Ic = 1 mAdc, Vog = 5 Vdc, £f = 1 kc) — 1 
All T 
(Ic = 5 mAdc, Vog = 10 Vde, f = 1 ke) as ae = 5 
IAT AEA EE ene ame te 
Small Signal Voltage Feedback Ratio rb x10 


(In = 1 mAdc, Veg = 5 Vac, f = 1 ke) _ 
Cc oe , All Types 
(Ic = 5 mAdc, Vog = 10 Vde, f = 1 ke) y 
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Motorola High-Frequency Transistors 


| | Vcso = 15-20 V 
on/41,A G, = 16 db @ 30 Mc 


NF = 7 db @ 30 Mc 


PNP germanium mesa transistors for oscillator, 
frequency multiplier and amplifier applications. 


CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol 


Vecso 


2N741 
2N741A 20 


Collector-Base Voltage Vdc 


2N741 15 
2N741A 20 


Emitter-Base Voltage Vezo 1.0 Vdc 
Collector Current (Contiauous) I 00 mAdc 
Junction Temperature T 100 ims 
T °¢ 
mW 


Collector-Emitter Voltage Vero Vde 


c 1 
j 
Storage Temperature stg —65 to +100 
Py . 300 


POWER GAIN AND COMMON EMITTER CURRENT GAIN 


Total Device Dissipation @ 25°C 
Case Temperature ; 
(Derate 4 mW/°C above 25°C) 


Total Device Dissipation @ 25°C 
Ambient Temperature 
(Derate 2 mW/°C) 


POWER OUTPUT versus FREQUENCY, 


CLASS C AMPLIFIER* versus FREQUENCY 


(See circuit below) 


LIMITED DUTY CYCLE 
NOTE: DC power input 


e 400 f is 800 to 1000 M'Hiwatts 

= ‘ 

a s = 
=o eee es 3 
2 200 HIGH RELIABILITY MAX-T AT x. 2 
: TTS s 
= 

S 100 LS 


Banik 


10 20 30 40 5060 80 100 200 300 0 
FREQUENCY (MEGACYCLES) 


1 2 4 6 10 20 40 60 100 200 400 1000 
FREQUENCY (MEGACYCLES) 
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Motorola High-Frequency Transistors 


2N741,A (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


2N741 
2N741A 


Collector-Base Breakdown Voltage 
Ic = —100 wAdce 


Emitter-Base Breakdown Voltage 
Ic = 0, I: = 100 wAdc 


Collector-Emitter Cutoff Current 
Ver = —15 Vdc, Ver —0 


Collector-Emitter Cutoff Current 
Ver = —20 Vdc, Ven =O 


Collector Cutoff Current 
Vcs = —6 Vdc, Iz = 0 


Forward Current Transfer Ratio 
Vee = —6 Vdc, Ic = —5 mAdc 


Small Signal Forward Current Transfer Ratio 
Vce = —6 Vdc, Ic = —5 mAdc, f = 1 ke 


Collector Output Capacitance 
Vcs = —6 Vdc, Iz = 0, f = 100 kc 


Collector Capacitance 
2 Ves = —6 Vdc, Iz = 0, f = 100 kc 


Input Impedance 
Vcs = —6 Vdc, In = 5 mAdc, f=—1kce 


Output Admittance 
Vern = —6 Vdc, In = 5 mAdc, f = 1 ke 


Frequency at Which Common-Emitter 
Current Gain is Unity 
Vcs = —6 Vdc, Iz = 5 mAdc 
Base Resistance 
Vcs = —6 Vdc, Iz = 5 mAdc, f = 300 mc 


Noise Figure 
Vcs = —6 Vdc, Iz = 5 mAdc, f = 30 me 


Power Gain, Matched, Neutralized 
Ves = —6 Vdc, Iz = 5 mAdc, f=30mec 


Power Output 
Vcs = —6 Vdc, Ic = —60 mAdc 
PG. = 8 db , f = 30 mc 


Power Output 


Ver = —6 Vdc, Ic = —60 mAdc 
PG. = 5db ,f =70mc 


Motorola High-Frequency Transistors 


Veco =12V 
2n/ 44 lc = 200 mA 


fr = 450 Mc 


NPN silicon annular transistor for high-speed switch- 
ing applications. | 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage* 


Emitter-Base Voltage 


Collector DC Current 


Total Device Dissipation at 
25 C Case Temperature 
(Derate-6.67 mW/ C above 25 C) 


Total Device Dissipation at 
25 C Ambient Temperature 0.3 
(Derate 2 mW/ C above 25 C 

Junction Temperature +200 


Storage Temperature -65 to +300 


*Refers to the voltage at which the magnitude of hpg approaches one when the 
emitter base diode is open-circuited. 


SWITCHING TIME TEST CIRCUIT , CHARGE STORAGE TEST CIRCUIT 


MODEL 303 LUMATRON R4 R5 
PULSE GENERATOR 
OR EQUIVALENT 


MODEL 12-AB 
LUMATRON 
OSCILLOSCOPE 
OR EQUIVALENT 


10 Vde 


(Adjust for 
IC = 10 mAdc) 
IC =: 410 mAdc 
1B1 — +10 mAdc 


1B2 == -.-10 mAdc 
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Motorola High-Frequency Transistors 


2N744 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic pee ewe eee 


Collector Cutoff Current 
(Vor = 20 Vdc, I E = 0) 
(Vcr = 20 Vdc, Ip = 0, Ta = 170°C) 


Collector Cutoff Current 
(Vor = 10 Vdc, Vpp = 0.35 Vde, Ta = 100 ‘C) 


Emitter Cutoff Current 
(VER = 5 Vde, Ic = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ip = 0)* 


Forward Current Transfer Ratio 
(Ic = 1.0 mAdc, Vor = 0. 25 Vdc) 
(Ig - = 10 mAdc, Veg = 0.35 Vdc) 
(Ic = 10 mAdc, Vcg = 0.35 Vde, Ta = -55°C) 
(Ic = 100 mAdc, Vcr = 1.0 Vdc)* 


Small Signal Forward Current Transfer Ratio 
(Ic = 10 mAdc, VoR = 10 Vdc, f = 100 mc) 


Base-Emitter Voltage 
(Ic = 10 mAdc, Ip = 1 mAdc) 

(Ic = 10 mAdc, Ip = 1 mAdc, Ta = -55°C) 
(Ic = 100 mAdc, Ip = 10 mAdc)* 

(ic = 100 mAdc, Ip = 10 mAdc, Ta = -55°C)* 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1 mAdc, Tag = 170°C) 
(Ic = 100 mAdc, Ip = 10 mAdc, Ta = 170°C)* 


Output Capacitance 
(Vop = 5 Vde, Ip = 0) 


Turn-on Time 
(Condition 1) 
(Condition 2) 
(Condition 3) 

(Condition 4) 


Turn-off Time 
(Condition 1) 
(Condition 2) 
(Condition 3) 
(Condition 4) 


Charge Storage Time Constant 
(Ic = 10 mAdc, Ip, = -Ipe = 10 mAdc) 


* Pulse Test: Pulse width = 300 psec, duty cycle £ 2% 


CONDITION] Ig ‘BI Ipo | YBE(off 
pools mk | Vac 


*Vpp is pulsed for 1.5 sec @ less than 10% duty cycle 
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Motorola High-Frequency Transistors —— 


an/53 


For Specifications, See 2N706 Data Sheet 


Vees =20V 
: lc = 100mA 
2n827 
: f; = 350 Mc Typ 
@ PNP germanium mesa transistor for high-speed 
switching applications. 
CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


aa. oe 


Device Dissipation @ 25°C 
Ambient Temperature 
(Derate 2mW/°C above 25°C) 
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Motorola High-Frequency Transistors 


2N827 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


=< CaS 


Collector-Base Breakdown Voltage | P¥cxo 
(Ic =100 “Adc, If =0) 


Collector-Emitter Breakdown Voltage Vo ES 
(Ic = 100 “Adc, Vep= 0) 


Emitter-Base Breakdown Voltage 
(Ip= 100 “Adc, Ic= 0) 


Collector-Emitter Cutoff Current Icgs i Adc 
(VcE =15 Vdc, Vep =0) 

Collector-Base Cutoff Current IcBo LU Adc 
(Vez =15 Vdc,) 

DC Forward Current Transfer Ratio 


Collector-Emitter Saturation Voltage VCEis at) 
(Ic =10 mAdc, Ip =3.3 mAdc) 0.16 | 0.25 


Base-Emitter Voltage Vde 
(Iq =10 mAdc, Ip =3.3 mAdc) 
Small-Signal Forward Current Transfer Ratio | hy, 

(Iq =10 mA, Veg =1V, f= 100 me) 
Collector Output Capacitance 

(Vcp =10 V, Ip=0, f= 1 mc) 
Ries Tine aoe 
= i fs Poe [ome 
= Ca Ges CE 


les = —10mAdc 
tg, = —3.3mAdc 
Ig, == —3.3mAdc 


Veo = —3V 
GENERATOR Z,,, = 5009 
INPUT PULSE t, = t, <= 1 nsec 
INPUT PULSE WIDTH = 100 nsec 
(50% DUTY CYCLE) 
1.2KQ 


2752 
2 SWITCHING TIME TEST CIRCUIT 
SCOPE 


Zin == 1 Mega 
Cw = 20 pf 


t, <= I nsec 


Vee(o) = +4Vde 
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Motorola High-Frequency Transistors 


Vees — 15 V 
on828 Ic = 200 mA 
fr = 400 Mc Typ 
¢ PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 
CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 15 
Collector-Emitter Voltage . .E | 15 
Emitter-Base Voltage Ve 2.5 
Collector DC Current a 200 


Junction Temperature ; 100 


Storage Temperature —65 to +100 


Total Device Dissipation : | 

at 25°C Case Temperature | 300 
(Derate 4 mW/°C above 25°C) 

Total Device Dissipation 


at 25°C Ambient Temperature 
(Derate 2 mW/°C above 25°C) 


TYPE R SAMPLING RESISTOR 
2802 202 


INPUT WAVEFORM PULSE VOLTS 
INTERNAL RESISTANCE 


4.1.25V 200 2 4.8K oe —3Vdc (APPROX) 
(ADJUST FOR 1, — —10mA) 
les ae —IiImA 
~ Ipe = +0.25mA 
I. = —10mA 
SWITCHING TIME TEST CIRCUIT a USE TEKTRONIX TYPE R PLUG-IN 
TYPE R SAMPLING RESISTOR 
PULSE VOLTS 980 © 202 


INTERNAL RESISTANCE 
502 —10Vde (APPROX) 
NOTE: (ADJUST FOR |,. — 10mA) 
ly <= —0.10mA 
—_4.4V Ine = 4+-10mA 
INPUT WAVEFORM CHARGE STORAGE TIME TEST CIRCUIT I. <= —10mA 
HEWLETT-PACKARD 
MODEL 185 SAMPLING 
. OSCILLOSCOPE 
OBSERVE 
4.1.05V SCOPE TRIGGER INPUT HERE 0.01,F 
0 1259 
HER 
3K 
INPUT WAVEFORM nite 
STORAGE AND FALL TIME TEST CIRCUIT 
_7.5Vde _3.0Vde 
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Motorola High-Frequency Transistors 


2N828 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Characteristic | Symbol [Min | Typ | Max [Unit 
25 — Vdc 


Collector-Base Breakdown Voltage BV cro 15 
Iz = 0, Ic = — 100 uAdc 

Collector-Emitter Breakdown Voltage BV ces 15 25 ~— Vdc 
Ves = 0, Ic = —100 pAdc 

Collector-Emitter Breakdown Voltage BV cro — 10 om Vde 
Ip = 0, Ic =— 1 mAdc 

Emitter-Base Breakdown Voltage BV xo 2.5 — — Vde 
Ic = 0, Iz = —100 pAdc 

Collector Cutoff Current IcBo — 0.4 3 pAdc 
Iz = 0, Vcs = —6 Vde 

Forward Current Transfer Ratio Dre 25 40 — — 
Ic = —10 mAdc, 
Voce = —0.3 Vdc 

Collector Saturation Voltage Ver(sat) — 0.12 0.2 Vdc 
Ic = —10 mAdc, 
In = —1 mAdc 

Collector Saturation Voltage Vece(sat) — 0.18 0.25 Vde 
Ic = —5S0 mAdc, 
Is = —5 mAdc 

Base-Emitter Voltage Vae(sat) 0.34 0.39 0.44 Vde 
Ic —— 10 mA ; 

Collector Capacitance Ce om 3.5 — pf 
In = 0, Ven = —10 Vde 

Small-Signal Forward Current Hee 3 4 — = 


Transfer Ratio 
Ic = —10 mAdc, 
Vezr=—l Vdc, f= 100 mc 


Current Gain-Bandwidth Product f. 300 400 — mc 
Vcze = —1 Vdc, | 
Ic = —10 mAdc 
Delay Plus Rise Time Gast — 50 70 nsec 
Storage Time t. — 33 50 nsec 
Fall Time tr — 35 50 nsec 
Charge Storage Time Constant | T. — 14 25 nsec 
Rise Time t- — 7 — nsec 
Storage Time t, | aes 5 oe nsec 
Fall Time tr aici 3 ie nsec 
RISE TIME FACTOR HEWLETT PACKARD 


MODEL 185 SAMPLING 

OSCILLOSCOPE 
SKL MODEL 503 
PULSE GENERATOR 


1252) 
HFR 


—7.5V 


INPUT WAVEFORM 


—3.0Vde 
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Motorola High-Frequency Transistors 


2N828A beet 


Ic = 200 mA 
2n829 | | f; = 300 Mc Min 


CASE 22 \ 
(TO-18) 


MAXIMUM RATINGS 


Maximum Ratings 


Collector to Base Voltage 


PNP germanium epitaxial mesa transistors for high- 
speed switching applications 


Collector to Emitter Voltage 


Emitter to Base Voltage 
Collector Current (Continuous) 


Total Device Dissipation at 25°C case 


Temperature (Derate 4. Omw/°C above 25°C) 


Total Device Dissipation at 25°C 


Ambient Temperature (Derate 2..0mw/°C) 


Junction Temperature iL 
Storage Temperature | the 
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— Motorola High-Frequency Transistors ——— 


2N8 28A, 2N 829 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector to Base Breakdown Voltage 


I, = 0, I = -100Adc 


Collector to Emitter Breakdown 
Voltage 
Bop = 0, To = -100uAdc 

Emitter to Base Breakdown Voltage 
Tn = 0, I, = -100u Adc 

Collector Cutoff Current 
I. = 0, Vop= -6Vdc 

Forward Current Transfer Ratio 


1, = -10mAdc, V.. = -. 3Vde 2N828A 
C CE 2N829 


Forward Current Transfer Ratio 


I, = -150mAdc, V,... = -1Vde 2N828A 
C " CE 2N829 


50 
Collector Saturation Voltage VoK(sat) 
= -10mAdc, I, = -1.0 mAdc 2N828A 
= -10mAdc, I, = -0. 5mAdc 2N829 
Collector Saturation Voltage VcK(sat) 
I, = -50mAdc, I, = -5.0mAde 
Collector Saturation Voltage Vor (sat) 
To = -150mAdc, I, = -15mAdc 2N828A 
Io = -150mAdc, I, = -7. 5mAdc 2N829 


Base to Emitter Voltage 


= -10mAdc, I, = -lmAdc 2N828A 


= -l0mAdc, I -0. 5mAdc 2N829 


B = 
Base to Emitter Voltage 


= -150mAdc, I, = -15mAdc 2N828A 


= -150mAdc, I, = -7, 5mAdc 2N829 
Collector Capacitance 


I, =9, Vop = -6Vde 
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2N828A, 2N829 (continued) 


Motorola High-Frequency Transistors 


ELECTRICAL CHARACTERISTICS (continued) 


Input Capacitance 


Veep = 1Vdc 


Small Signal Forward Current 
Transfer Ratio 


I, = -10mAde, V 


= -1Vdc, f = 100mc 


CE 


Current Gain Bandwidth Product 


Vap = -1Vdc, I -10mAdc, f = 100mc 


"CE CS 


Delay Plus Rise Time (Fig. 1) 


Io = -10mAdc 


Storage Time (Fig. 1) 
I, = -10mAdc 
c 
Fall Time (Fig. 1) 
L, = -10mAdc 
Cc 
Total Control Charge (Fig. 3) 


Io = -10mAdc 


Delay Plus Rise Time (Fig. 2) 


In = -150mAdc 


Turn Off Time (Fig. 2) 


I,, = -150mAdc 


Total Control Charge (Fig. 4) 
IL, = -150m Adc 


C 
SAMPLING 
RESISTOR 
PULSE 280 20 
-3.1Vd 
INPUT VOLTS 3.1Vdc 
SIGNAL INTERNAL 
RESISTANCE Siepe Y 
out 
+1. 25 Vdc 
O~ -|--|]- Ic = -l0mAdc 
Ip1 = -lmAdc 
-5.4 VDC Ip2  =+0.25mAdc 


VBE (0) = +1. 25Vdc 


SCOPE INPUT IMPEDANCE = 1Megohm 
SCOPE INPUT CAPACITANCE = 20pf 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE t. = te = 2nsec 


10mA SWITCHING TIME TEST CIRCUIT 


FIGURE 1 
*ADJUST Vap FOR -5.4 VOLT PULSE AT POINT A 
300 
16pf -3.1Vdc 
YBB" I, = -10mAde 
| | 5K I, = -lmAdc 
-5.4 Vde 
AT POINT A_ 100 Hg RELAY 
-~— 90% 
= = 20mV 
alae MAX 


' 
sr aie 


10nsec MAX -> i F 


10mA TOTAL CONTROL CHARGE TEST CIRCUIT 
FIGURE 3 


ow 
i) 


SAMPLING 
RESISTOR 
PULSE 48 2 
VOLTS -7,.15 Vdc 
INPUT INTERNAL 
SIGNAL RESISTANCE SCOPE Nine 
+1.9Vde 100-900 Ic = -150mAdc 
0- ek Ip} = -7. 5mAdc 
Ipo = +1. 9mAdc 


VBE(0). = +1. 9Vde 


SCOPE INPUT IMPEDANCE = 1Megohm 
SCOPE INPUT CAPACITANCE = 20pf 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE t. = te = 2nsec 


150mA SWITCHING TIME TEST CIRCUIT 
FIGURE 2 


*ADJUST Vpp FOR -8 VOLT PULSE AT POINT A 
30 


-7.75 Vde 


-150mAdc 
-7, 5m Adc 


-8 Vdc 


AT POINT A_ 100 


(* RELAY 
be dk —- 90% 
- i 
10% er ~~ = ‘Zz 


10nsec MAX -»| a t 


150mA TOTAL CONTROL CHARGE TEST CIRCUIT 
FIGURE 4 


20mV 
MAX 
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Motorola High-Frequency Transistors 


2nN834 Ves = 20-30 V 
Ic = 200 mA 
2N 835 fr = 500 Mc Typ 
@ NPN silicon epitaxial mesa transistors for high- 
\ speed switching applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


| Characteristic Symbol Type et _f_ eet 


a Voltage Vecso 2N834 Vdc 
2N835 Vdc 
Collector-Emitter Voltage Vers 2N834 Vde 
2N835 Vde 
Emitter-Base Voltage VeEBO 2N834 Vdc 
mn reas 


Collector Current 


Junction Temperature + ae 75 


Storage Temperature Sa oan —65 to +175 | | 


Total Device Dissipation @ 
25°C Case Temperature 
(Derate 6.67 mw/°C above 25°C ) 


Total Device Dissipation @ 
100°C Case Temperature 
(Derate 6.67 mW/°C above 100°C) 


Total Device Dissipation @ 
25°C Ambient Temperature 
(Derate 2 mW/°C) 


tea: Vee = —4¥de ter: Ven = +16 Vdc V,, = —19 Vde 


Vi, = +21 Vee 
NOTE: ALL SWITCHING TIMES MEASURED WITH LUMATRON MODEL 420 SWITCHING TIME TEST SET OR EQUIVALENT. 
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Motorola High-Frequency Transistors 


2N834, 2N835 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 
Collector-Base Breakdown Voltage BV cso 2N834 
Emitter-Base Breakdown Voltage BVrxo 2N834 

Ic = 0, Iz = 10 pAde 


Collector Cutoff Current 
Ven = 0, Vez == 30 Vdc 


Collector Cutoff Current Ices 
Vaz = 0, Vee = 20 Vde 


Collector Cutoff Current 
Iz = 0, Ves = 20 Vdc 


: 


Collector Cutoff Current 
In = 0, Vos = 20 Vde, Ta = +150°C 
Forward Current Transfer Ratio (Note 1) 

Ic = 10 Vdc 


Cc, Vor = 


Collector Saturation Voltage 
Ic = 10 mAdc, Is = 1.0 mAdc 


Symbol | Min 
Collector. Saturation Voltage (Note 1) Vexisat 2N834 0.28 
Ic = 50 mAdc, In = 5.0 mAdc - 2N835 0.35 
Base-Emitter Saturation Voltage (Note 1) | Vaxceat 
Ic == 10 mAdc, Is = 1.0 mAdc 
eaas 


Collector Capacitance 
In = 0, Ves = 10 Vdc, f = 100 kc 


r Small Signal Forward Current Transfer Ratio 
Ic = 10 mAdc, Vcz = 20 Vde, f = 100 mc 


Smail Signa! Forward Current Transfer Ratio 
Ic = 10 mAdc, Vcz = 15 Vde, f = 100 mc 


Current Gain-Bandwidth Product 
Ven = 20 Vde, Ic = 10 mAdc, f = 100 mc 


Current Gain-Bandwidth Product 
Von = 15 Vdc, Ic = 10 mAdc, f = 100 mc 


Charge-Storage Time Constant (Figure 2; Note 2) 
Turn-on Time (Figure 1; Note 3) 


‘Turn-oft Time (Figure 1; Note 3) terre |. 2N834 
2N835 


nsec 
nsec 


Note 1 — Pulsed Conditions Note 2—Ic= 10 mA Note 3 ~—Ic = 10 mA 
Pulse length < 12 msec In. = Ins = 10 MA Ini = 3 mA 


Duty Cycle «<= 2% Inst 1mA 


NORMALIZED CURRENT GAIN 
CHARACTERISTICS 


es ae es a 
ee ee a eee 
ee Scie oe 


RISE TIME FACTOR 


fe ce eee 
a 
2 ae ee eee 
Se oe ea 
a 
a ne 
cons Ge 
se OS a 
es eS 
Ca 


10 20 


ACT [eae ON 
Ca TT TSN 
es eile on 
ae 


R,RISE TIME FACTOR (NORMALIZED t,/ 7, 8,) 


Nee, NORMALIZED DC CURRENT GAIN 


= ae, 
ee 
CS a 
0.1 10 


1 
Ic, COLLECTOR CURRENT (mAdc) 
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—— Motorola High-Frequency Transistors 


Vees = 30 V 


2NS36 lc = 100mA 
WM f, = 300 Mc 


PNP germanium epitaxial mesa transistor for high- 
CASE 22 Speed switching applications. 


(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage : VcBO 30 Vdc 
Collector-Emitter Voltage VcEs 30 Vdc 
Collector-Emitter Voltage VcrEx 15 Vdc 
(see Figure 2) 

Emitter-Base Boltage VEBO 2.9 Vde 
Collector Current (Continuous) Io 100 mAdc 
Junction Temperature Ty +100 & 
Storage Temperature T stg -65 to+ 100 =e 
Device Dissipation @ 25°C Py 150 : mW 


Ambient Temperature 
(Derate 2mW/°C above 259°C). 


V) MA Ud its Uhh 
ch-up Free Operating Area. Latch-up is the 
vz failure of the collector potential fo return to the 
Vz supply voltage upon turn-off. The curve shows 
, the permissible operating area to avoid latch-up. 
Ay, Load excursions must not pass through the 
V4 shaded area. Excursions into the shaded area 
will not necessarily harm the transistor, but may 
produce the reduction in output voltage noted 
4 above and cause high power dissipation. 
4 ELL CELL 

Collector Latch-Up Voltage Test Circuit 


AREA OF PERMISSIBLE LOAD LOC! 


AREA OF GJ 
LATCH-FREE 
OPERATION 
WHEN te OF _| 
OUTPUT 
PULSE < 


+0.3 Vde 


o—|--|~ Vee = 10 Vde 


Ic, COLLECTOR CURRENT (mAdc) 


15 nsec \&,. 


0 ] 2 3. 4 5 6 7 8 9 10 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


les = —lOmAdc 
= —3,3mAdc 
GENERATOR 2,1 = 502 leo = +3.3mAdc 
INPUT PULSE t, = t, <1 nsec 
INPUT PULSE WIDTH = 100 nsec 
SWITCHING TIME TEST CIRCUIT (50% DUTY CYCLE) 
SCOPE 
Zin = 1 Mega 
Cin = 20pf 
t, = 1 nsec 


1.2KQO 


Vee 10) = +4Vde 


8-59 


Motorola High-Frequency Transistors 


2N838 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic . Symbol Min Typ Max Unit 


Collector-Base Breakdown Voltage 
(lp =100 “Adc, Ip =0) 


Collector-Emitter Breakdown Voltage 
(Ic = 100 wz Adc, Vex =0) 


Emitter-Base Breakdown Voltage 
(Ip = 100 mw Adc, n= 0) 


Collector Latch-up Voltage 
(see Figure 2) 


Collector-Emitter Cutoff Current 


Collector-Base Cutoff Current 
(Vop=15 V) 


DC Forward Current Transfer Ratio 


(Ig = 10mAde, Vog= 0.3 Vac) 


Collector-Emitter Saturation Voltage . Vox(sat) 
(Ic =10 mAdc, Ip =3.3 mAdc) 


Base-Emitter Voltage 
(Ig = 10 mAdc, Ip =3.3 mAdc) 


Smali-Signal Forward Current Transfer Ratio 
(Ic =10 mA, VcR‘=1V, f=100 mc) 


Collector Output Capacitance 
(Veop=10 V, Ip =0, f=1 me) 


Delay Time 


Rise Time 


Storage Time 


Fall Time 
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Motorola High-Frequency Transistors 


Vso = 20-25 Vv. 
2N869 f= 300 McTyp 
2N995 @ 

CASE 22 
(TO-18) 


PNP silicon annular transistors for high-frequency 
general-purpose amplifier applications. 


ABSOLUTE MAXIMUM RATINGS 


Characteristics 


Base Voltage 


Symbol Type 


Collector-Emitter Voltage 


Emitter-Base Voltage VEBO 2N869 ) Volts 
ee See Sg te ee ae re 2N995 4 _Volts_ 
Total Device Dissipation Ph Both 
at 25°C Case Temperature Types 1.2 Watts 
at 100°C Case Temperature 0.68 Watt 


(Derate 6.86 mW/°C above 25°C) 


Total Device Dissipation 
at 25°C Ambient Temperature 
(Derate 2.06 mW/°C above 25°C) 


Re ee eneeeeee nr eee 


-65 to +200 


Storage Temperature 


+200 


Junction Temperature 


8-61 


Motorola High-Frequency Transistors 


2N869, 2N995 (continued) 


ELECTRICAL ‘CHARACTERISTICS (At 25°C unless otherwise noted) 


a Ce 
Collector-Base Breakdown Voltage BVcRO | Volts 
(Ie = 10 wAdc, Ip = 0) 2N869 
2N995 
Collector-Emitter Sustaining Voltage * . VcRo0 (sust)* Volts 
(Ic = 10 mAdc, Ip = 0) 2N869 ; ( ) 18 
2N995 15 
Emitter-Base Breakdown Voltage BVEBO 
(Ip =10yAdc,Ig =0)  2N869 Volts 
2N995 


Collector Cutoff Current IoBo uu Adc 
(VcR =-15 Vdc, Ip= 0) 2N869 .010 
2N995 . 005 
(Vcop = -15 Vdc, Ip = 0, Ta = 150°C) Both Types 25 
Emitter Current p. Adc 
(VER = 4.0 Vdc, Ic = 0) 2N995 . 10 
VCE (sat) Volt 
(Ic = 10 mAdc, Ip = 1.0 mAdc)  2N869 1.0 
(Ic = 20 mAdc, In = 2.0 mAdc) 2N995 - 0.2 
Base Saturation Voltage VBE (sat) Volt 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 20 mAdc, Ip = 2.0 mAdc) 


Collector Saturation Voltage 


(Ic = 10 mAdc, Vor = -5.0 Vdc) 2N869 
(Ic = 1.0 mAdc, Vcr = -1.0 Vdc) 2N995 
(Iq = 20 mAdc, Vop =-1.0 Vde) 2995 
(Ic = 50 mAdc, Veg = -1.0 Vdc) 2N995 


Open-Circuit Output Capacitance 
(Vop = -10V, If = 0) 2N869 
2N995 


Open-Circuit Input Capacitance 
(Veep = -0.5 V,Ic = 0) Both Types 


Small-Signal Forward-Current 

Transfer Ratio 
(Ic = 10 mA, Vcf=-15V, f=100 Mc) 2N869 
(Ic = 10 mA, Vcr = -10 V,f = 100 Mc) 2N995 


*Pulse Note: Pulse Width = 300 usec, Duty Cycle = 1% 
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Motorola High-Frequency Transistors 


2n914 Vceo = 15 V 


f;=500Mc Typ 


NPN silicon annular transistor for high-speed switch- 
ing applications. 


CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage 


Collector-Emitter Voltage 


Collector-Emitter Voltage 
(Ree < 10 9) 


Emitter-Base Voltage 


Lead Temperature 
(Soldering, no limit) 


Total Device Dissipation 
at 25°C Case Temperature 
(derate 6.9 mW/°C) 


Total Device Dissipation 
at 25°C Ambient Temperature 
(derate 2.06 mW/°C) 


CHARGE STORAGE TIME CONSTANT TEST CIRCUIT Ton and Tots TEST CIRCUIT 
+5V +5V 
OV 4 +12V 
—9V 0 tk 
INPUT PULSE 240 INPUT PULSE 23 


Rise Time = 1 nsec 


Rise Time = 1 
509 Source Impedance nsec 


f ee 0 509 Source Impedance 


0.1 200 


(—w¥—o 


0.1 215 
o1 ik 
OUTPUT TO 
SAMPLING OSCILLOSCOPE 
Rise Time = 1 nsec 
5002 Input Impedance 56 
PW => 200 nsec 


OUTPUT TO 
SAMPLING OSCILLOSCOPE 
Rise Time = 1 nsec 
502 Input Impedance 
PW = 200 nsec 


200 


~ +N . P —AV 
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Motorola High-Frequency Transistors 


2N914 (continued) 


ELECTRICAL CHARACTERISTICS at 25° unless otherwise specified.) 


TT Cera [we [ve [oor [oot 


Collector Cutoff Current 
(Vcg = 20V, 1, = 0) 
(Ves = 20 V, le = 0 a Meg = 150°C) 


Emitter Cutoff Current : pA 
(Ves — 4.0 V, le =— 0) 0.1 
Collector Current pA 
(Vee = 0.25 V, Vee =20V ‘ Ty = 125°C) 10 
Collector-Base Breakdown Voltage BV cso Volts 
(le = 1,0 pA, le = 0) 
Emitter-Base Breakdown Voltage BV eso Volts 
(le = 10 pA, Ie = 0) 


Collector-Emitter Sustaining Voltage (Note 1) Veertsust} Volts 
(lc = 30 mA (pulsed), Rye < 10 ohms) 
Collector-Emitter Sustaining Voltage (Note 1) Veco [sust} Volts 
(lc = 30 mA (pulsed), |, = 0) 
-DC Forward Current Transfer Ratio (Note 2) 
(Ie = 10 mA, Vee = 1.0 V) 
Charge Storage Time Constant (Note 4) 
(le = = Ia) = Ip: = 20 mA) 
Turn-on Time (See Note 4) tas, 
(l¢ = 200 mA, |,, = 40 mA, |,, = 20 mA) 20 
NOTE 3. 1I,. = 1.0mA through 20 mA 
NOTE 4. Measured on Sampling Scope. PW = 200 nsec. 


Base Saturation Voltage Vee (sat) Volts 
(lc = 10 mA, |, = 1.0 mA) 0.70 0.74 0.80 
Collector Saturation Voltage Vee (sot) Volts 
(le = 200 mA, I, = 20 mA) 0.40 0.70 
(lc = 10 1, ,T, = —55°C to +125°C) (Note 3) 0.14 0.25 
(le = 10 mA, Veg = 1.0 V,T, = —55°C) 
(Ic = 500 mA, Veg = 5.0 V) | 
Output Capacitance | As pf 
(Veg = 10V, Ip = 0) 2.8 
Small Signal Forward Current Transfer Ratio 
(Veg = 10 V, Ie = 20 mA, f = 100 mc) 3.0 
Turn-off Time (See Note 4) teas nsec 
(Ic = 200 mA, |,, = 40 mA, I,, = 20 mA) 25 | 
NOTE 1. Rating refers to a high-current point where collector-emitter 
voltage is lowest. 
NOTE 2. Pulse Conditions: Length = 300 psec; duty cycle S 1%. 
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Motorola High-Frequency Transistors 


2n915 i po oeae 


f; = 400 Mc Typ 


NPN silicon annular transistor for high-frequency 


CASE 22 amplifier, oscillator and switching applications. 


(TO-18) 


MAXIMUM RATINGS 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor Above 25°C 


Junction Temperature, 
Operating 
Storage Temperature Range 
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Motorola High-Frequency Transistors 


2N915 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Collector Cutoff Current 


I, = 0 Vop = 60V 


Collector Cutoff Current @ 150°C 


I = 0 Von = 60V 


Collector Breakdown Voltage 
I, = 100pA I, = 0 


C E 
Collector to Emitter Sustaining Voltage Volts 
Ia = 10mA I, = 0 


Emitter Breakdown Voltage Volts 


I, = 0 I, = 100uA 


Base Saturation Voltage 


Ta = 10mA In = 1.0mA 


Collector Saturation Voltage 


Io = 10mA I, = 1,.0mA 


CE(sat) 


DC Pulse Current Gain 


Ia = 10mA Vor = 5. 0V 


200 
250 
+) 


0 
4) 
2 


Output Capacitance 3.5 
I, = 0 Vop = 10V 


1 nA 
: pf 
10 pf 


Emitter Transition Capacitance 
I, = 0 VERB = 0.5V 


High Frequency Current Gain f = 100mc 


Ia =10mA Vor = 15V 


ee 
Ria 
(oie 
Lae 


Small Signal Current Gain f = 1kc 
I, = 1.0mA VoE = 5.0V 


C 
C CE = 5. OV 


I, = 5.0mA V 


Input Resistance f = 1lkc 
I, = 1.0mA Vor 


C 
Ia = 5.0mA Vor 


6000 ohms 
2000 ohms 


Cc CE 


| et 
Vv 
Vv 
her 
Cob 
CTE 
Mee 


Output Conductance f = 1 75 umho 
To = 1,0mA Vor 5. OV 
I, = 5.0mA V = 5.0V 1 umho 


*pw = 300 us 
duty cycle <1% 
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Motorola High-Frequency Transistors 


Vceo =25V 


2n916 0 Ne 30 


f; = 400 Mc Typ 


NPN silicon annular transistor for high-frequency 


A is ; 
CASE 22 amplifier, oscillator and switching applications. 


(TO-18) 


MAXIMUM RATINGS 


Characteristic Sate Maximum Unit 


Total Device Dissipation 


@ 25°C Case Temperature 1.2 W 

Derating Factor Above 25°C 6.9 mwW/°’C 
Total Device Dissipation 

@ 25°C Ambient Temperature ; Ww 

Peraune Factor Above 25 C ga 


ELECTRICAL CHARACTERISTICS 


Collector Cutoff Current 


In =0 Vop = 30V 


Collector Cutoff Current @150 C make In 10 A 
I, = 0 Von = 30V 


Collector Breakdown Voltage Volts 
In = 10uA In =0 
C B a 
Emitter Breakdown Voltage 
Base Saturation Voltage V Volts 
B 
Collector Saturation Voltage V 0.5 Volts 


Collector to Emitter Sustaining Voltage Volts 
I. =30mA I, =0 
Volts 
Io = 0 I, =1l0yA 
DC Pulse Current Gain *herp 
In = 10mA Vor =1.0V 
Output Capacitance C b 6.0 pf 


V B= 0:0V 


Emitter Transition Capacitance C 10 pf 
I, =0 V2 0:5V ie 
C BB i" 
“ an 
fe 


High Frequency Current Gain f = 100mc 


Io = 10mA Vor = 15V 
Small Signal Current Gain f = lke Dee i 200 
In =1.0mA Vor = 5.0V 
In =5.0mA Vor = 5,0V 
Input Resistance f = lkc hie 
In =1.0mA Vor =5.0V 
In =5.0mA Vor =5.0V 


Output Conductance f = l ke 
In =1.0mA Vor = 5.0V 


lo =9.0mA Vor = 5.0V 


*pw = 300us duty cycle <1% 


h 
oe 
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Motorola High-Frequency Transistors 


G, = 15 db @ 200 Mc 


an918 NF = 6 db @ 60 Mc max 
@ P, = 30 mW @ 500 Mc min 
CASE 22 NPN silicon annular transistor for ultra-high fre- 
(TO-18) quency oscillator and amplifier applications. 


MAXIMUM RATINGS 


Characteristic 


Collector- Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Total Dissipation at 25°C Case Temperature 0.3 
at 25°C Ambient Temperature 0.2 
Operating Junction Temperature , +200 
Storage Temperature -65 to +300 
ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 
Characteristic Symbol Test Conditions Min Typ Max Unit 
Collector Cutoff Current lopo Von = 15 V, I. = 0 em - 10 nA 
Voz = 15V, 150 C, Tr = 0 - - 1.0 LA 
tor-Base Breakdown Volt : ° - : 
Collector-Base Break oltage BV uno Io 1.0 wA, Ip 0 30 Volts 
Emitter-Base Breakdown Voltage I 10 pA, I - - Volts 
mi ag BV BO Cc Ou ae 0 3 
Collector-Emitter Voltage EVoro Io 3 mA 15 7 - Volts 
DC Current Gain hop Ver =1.0V, Io = 3.0mA 20 50 - - 
Collector-Emitter Saturation Voltage VoK(sat) IQ = 10 mA, Ip = 1.0mA - - 0.4 Volt 
Base-Emitter Saturation Voltage VBE(sat) Io = 10mA, I, =1.0mA - - 1.0 Volt 
Output Capacitance . Cop Vop =10V - - 1.7 pf 
Ip = 0,f = 140 kc 
Vop= Offs 140 ke - - 3.0 pf 
I, =0 
Input Capacitance Cy VEB =0.5 V - - 2.0 pf 
Io = 
Small Signal Current Gain Dre Io = 4.0mA 6.0 9.0 - - 
Vor =10V 
f= 100 mc 
Amplifier Power Gain G, Io = 6.0 mA 15 - - db 
Von =12V 
f = 200 mc 
Ro = Ry = 50 2 
Power Output Pit Io = 8.0 mA 30 - - mW 
Vos = 15V 
f = 500 mc 
Collector Efficiency eff Vop= 15 V . 25 oa - % 
{ = 500 mc 
Io = 8,.0mA 
Noise Figure , _ NF Io =1.0mA 3.ti‘«*CG db 
Vor =6.0V 
f= 60 mc 
Ro = 400 2 


Motorola High-Frequency Transistors 


an929 Peceaee 
2n930 NF = 3-4 db @ 10 cps to 15.7 Ke1 


@ 


NPN silicon annular transistors for low-level, low- 
noise amplifier applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristic 
Collector-Emitter Voltage 


Emitter- Base Voltage 
Collector Current 


Total Device Dissipation 
@T a F 25°C 


Derating Factor above 25°C 


Total Device Dissipation 
@ To S20 C 


SS mWw/°C 
Derating Factor above 25°C 2 t. 


Junction Temperature, Op. ——_ 


Storage Temperature Range 
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Motorola High-Frequency Transistors 


2N929, 2N930 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic 


QD 
w 
O 
o on 
© 
_ 
jo) 


Collector-Emitter Breakdown Voltage* BV 


Iq= 10 mA, I,=0 


Emitter- Base Breakdown Voltage BV 
I, = 10 nA, Ia = 0 


< < & .< til oor < < 
> > 


Collector- Base Cutoff Current I 
Vop = 45V, I, = 0 


Collector-Emitter Cutoff Current I 


Vop=5V, 1n=0 


CES 
Vor = 45 Vv, Vep= 0 .010 
Vorp= 45, Veep T, = 170°C 10 
Collector-Emitter Cutoff Current luro ia A 


Emitter- Base Cutoff Current I 


Vag = 5V, Ip=0 


. 
oO 
ar 
oO 
> 


DC Forward Current Transfer Ratio , h 


120 
300 


=5V, T, =-55°C 


A 


Collector-Emitter Saturation Voltage* 


Vv 
= 10 mA, IL=.5mA CE(sat) 


Io B 


° 
. i 


Base-Emitter Voltage* V BE 
I, = 10 mA, I,=-5 mA 


= 
oO “ 


Output Capacitance C 
Vop= 5 Vv, I= 9, f=1me 


Ko] 
= 


E 
5 
> 
3 


High-Frequency Current Gain h 


I, = 500 pA, Vor = 5V, f= 30 me 


—_ 
fo) 


Small-Signal Current Gain 
I= 1.0 ce Vor =5Y; 60 


150 


y 
Lana) 
fey) 


Input Resistance . h. 
Iq = 1.0 mA, Vop= 5 V, 


ohms 


Output Conductance 
Ig = 1.0 mA, Vop = 


rear 


OD 
. oo oO ul 
oO iw) oo 


5V, 


i 
ion 
or 


7 
* 
ao 


a 
bar 
[om 

oO 


oo) 
& 
he 


Voltage Feedback Ratio X10° 


In = 1.0 mA, Vog=5V, 


Noise Figure 
Ic = 10 pA, Vor = 5V, f= 10 cps to 


15.7 kc, R= 10 KQ 


*Pulse Conditions: Width < 300 psec 
Duty Cycle < 2% 
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2n956 


For Specifications, See 2N718A Data Sheet 


2n960 


2n961 Vee = 12-15 V 
2n962 lc = 100 mA 
2N965 
2N966 PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


2N960 2N961 2N962 


Characteristic 2N964 2N965 2N966 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voitage 
Junction Temperature 
Storage Temperature —65 to +100 
Total Device Dissipation at 25°C Case 
____ Temperature (derate 4mW/°C above 25°C) 300 
Total Device Dissipation at 25°C Ambient 
Temperature (derate 2 mW/°C above 25°C) 150 


NORMALIZED DC CURRENT TRANSFER RATIO CURRENT GAIN-BANDWIDTH PRODUCT (f-) 
versus COLLECTOR CURRENT versus COLLECTOR CURRENT 


PT cel 
ae Art ol TT 


Es en a ee eS 
Ft a ictt.____| |_| | Pitt 

a? ae = a ee © 
2) ae 
i RS | 

ll 


hse, NORMALIZED D C CURRENT TRANSFER RATIO 
fr, CURRENT GAIN-BANDWIDTH PRODUCT (MEGACYCLES) 


20 50 100 
I¢, COLLECTOR CURRENT (mAdc) 


Ic, COLLECTOR CURRENT (mAdc) 


8-7] 


Motorola High-Frequency Transistors 


2N960 SERIES (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise epucitied) | 
Characteristic Symbol Min Typ Max Unit 


Collector-Base Breakdown Voltage BV cso Vde 
(le = —100 pAdc, I, = 0) 2N960, 2N964 15 25 — 
2N961, 2N962, 2N965, 2N966 12 20 — 
Collector-Latch-up Voltage LVcex Vde 
Vee = — 11.5 Vde (Figure 1) All Types 11.5 —_ — 
Emitter-Base Breakdown Voltage BV 80 “Vde 
(le = —100 pAdc, I, = 0) 2N960, 2N964 2.5 —_ 
2N961, 2N965 2.0 — _ 
2N962, 2N966 1.25 = — 
Collector-Emitter Cutoff Current lees pAde 
(Veg = —15 Vde) 2N960, 2N964 — _ 100 
(Veg = —12 Vdc) 2N961, 2N962, 2N965, 2N966 — —_— 100 
Collector-Base Cutoff Current leso pAdc 
(Ve, = —6 Vdc, |, = 0) All Types _ 0.4 3 
DC Forward Current Transfer Ratio = air —_—* 
(Ie = —10 mAdc, Veg = —0.3 Vdc) 2N960, 2N961, 2N962 Nee 20 40  — 
2N964, 2N965, 2N966 40 70  — 
(le = —50 mAdc, Veg = —1 Vdc) 2N960, 2N961, 2N962 20 55 
2N964, 2N965, 2N966 40 90 _ 
(le = —100 mAdc, Veg = —1 Vdc) 2N960, 2N961, 2N962 20 50 — 
2N964, 2N965, 2N966 40 85 — 
Collector-Emitter Saturation Voltage Vee jsat) Vde 
(le = —10 mA, |, = —1 mA) 2N964, 2N965, 2N966 _— 0.11 0.18 
2N960, 2N961, 2N962 _— 0.13 0.20 
(Ie = —50 mA, |, = —5 mA) 2N964, 2N965, 2N966 _ 0.18 0.35 
2N960, 2N961, 2N962 — 0.20 0.40 
(le = —100 mA, I, = —10 mA) 2N964, 2N965, 2N966 _— 0.27 0.60 
2N960, 2N961, 2N962 — 0.30 0.70 
Base-Emitter Voltage Vee Vdc 
(Ic = —10 mA, I, = —1 mA) All Types 0.30 0.40 0.50 
(le = —50 mA, |, = —5 mA) ’ All Types 0.40 ~ 0.55 0.75 
(le = —100 mA, |, = —10 mA) 2N960, 2N961, 2N964, 2N965 0.40 0.65 1.00 
2N962, 2N966 0.40 0.75 1.25 
Current Gain-Bandwidth Product fr mc 
(Ie = —20 mAdc, Veg = —1.0 Vdc) _ All Types 300 460 —_ 
Collector Output Capacitance Cor - pf 
"(Veg = —10 Vde, |; = 0,f=1mc) All Types — 2.2 4 
Emitter Transition Capacitance Cr pf 
(Veg == 1 Vde) All Types — 2.0 3.5 ee 
Turn-on Time — Al! Types ton nsec 
(le = —10 mAdc, ts, = —1L mAdc, V,_(0) = +1.25 Vdc) (Fig. 2) — 35 50 
(le = —100 mAdc, t,, = —5 mAdc, V,,(0) = +1.25 Vdc) (Fig. 3) —_ 30. 50. 
Turn-off Time ; tors nsec 
(Ic = —10 mA, Ig, = —1 mAdc, I,. = 0.25 mAdc) (Fig. 2) 
2N960, 2N961, 2N964, 2N965 _ 60 85 
2N962, 2N966 _ 80 100 
(lc = —100 mAdc, 1,, = —-5 mAdc, |,, = 1.25 mAdc) (Fig. 3) 
2N960, 2N961, 2N964, 2N965 _— 50 85 
2N962, 2N966 = 60 100 eee 
Rise Time Constant (Figure 4) All Types TRE _ 0.6 _ __ nsec 
Hole Storage Factor (Figure 6) All Types K’, _ 16 —_ nsec 
Fall Time Constant (Figure 5) All Types TEE _ 0.5 —_ ___ nsec 
Total Control Charge Q; pico-coulombs 
-(l¢ = —10 mAdc, |, = —1 mAdc) . 
(Figure 7) 2N960, 2N961, 2N964, 2N965 —_ 50 80 
2N962, 2N966 _ 60 90 
(le = — 100 mAdc, |, = —5 mAdc) 
(Figure 8) 2N960, 2N961. 2N964, 2N965 _ ca 80 125 


2N962, 2N966 | ae 100. —-:150 


STORAGE TIME versus CIRCUIT CURRENT RATIO 

ee 
ee Se 

Ta = 25°C 

Ip, = 4 Ie Co 


40 


COLLECTOR-EMITTER 


SATURATION VOLTAGE 
versus 
AMBIENT TEMPERATURE 


30 


20 


10 


t,, STORAGE TIME (NANOSECONDS) 


R, = 10002 


aa 


Vee rat) COLLECTOR-EMITTER SATURATION VOLTAGE: (VOLTS) 


5 10 ie a —75 —50—25 0 +25 +50 +75 +100 


Io/lg,, CIRCUIT CURRENT RATIO T,, AMBIENT TEMPERATURE (°C) 
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Vees =12V 
2n963 » lc = 100 mA 
2N967 f; = 300 Mc 


CASE 22 
(TO-18) 


PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 


MAXIMUM RATINGS 


Characteristic 


Junction Temperature 


Storage Temperature 


Device Dissipation @ 25°C Case Temperature 
(Derate 4 mW/°C above 25°C) 


Device Dissipation @ 25°C Ambient 
(Derate 2 mW/°C) 


NORMALIZED DC CURRENT TRANSFER RATIO = CURRENT GAIN-BANDWIDTH PRODUCT (f;) 

° versus COLLECTOR CURRENT = versus COLLECTOR CURRENT 
= 2.0 >; 500 
eg S Bagi 
eg A ei =a. 2 Be 
ayy 2 400 
moans, tee ee = TH] 
= 08 Pere ere eer 
2 og rie Pe ae - 
es SS ae bee = os ee S | i 
G4 — rt ee = 200 
oe a es | ea 
gD OBA | ESCA 
a e LLU FIT 
ee a aa 
pee 2 5 10 20 50 5 2 5 10 20 50 

Ic, COLLECTOR CURRENT (mAdc) x Ic, COLLECTOR CURRENT (mAdc) 


COLLECTOR-EMITTER SATURAT 
De Gas Gea VOLTAGE versus TEMPERATURE CHARACTERISTICS 


LTT weese [| 


Vee — BASE-EMITTER VOLTAGE 


=  Veetsary — COLLECTOR-EMITTER 
SATURATION VOLTAGE 


VOLTAGE 


0.1 0.2 0.30.4 0.6.0.8 1.0 2 3 4 56 
1,, BASE CURRENT (mAdc) 


T,, AMBIENT TEMPERATURE (°C) 


Vee jsat) COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 
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2N963, 2N967 (continued) 


ELECTRICAL CHARACTERISTICS 


Collector-Base Breakdown Voltage 

le = — 100 pp Adc, |, = 0 
Collector-Latch-up Voltage 

Vee = —10 Vde 
Emitter-Base Breakdown Voltage 

I, = — 100 pAdc, Ie = 0 
Collector-Emitter Cutoff Current 

Vee = —12 Vdc, Veg = 0 
Collector Cutoff Current 

Ver = —6 Vde, le == 0 
Emitter Cutoff Current 

Vee = —5 Vdc, le = 0 
Collector Cutoff Current 

Veg = —10 Vde, Vege = +0.3 Vdc, T, = 55°C 
Base Cutoff Current 

Vee = —10 Vdc, Vee = +0.3 Vdc, T, = 55°C 
DC Forward Current Transfer Ratio 

le = —10 mAdc, Veg = —0.3 Vde 2N963 

2N967 

Collector Saturation Voltage 

lc = —10 mAdc, |, = —1 mAdc 
Base-Emitter Voltage 

le = —10 mAdc, I, = —1 mAdc 
Current Gain-Bandwidth Product 

Veg = —1 Vdc, Ile = —20 mAdc, f = 100 mc 
Collector Output Capacitance 

Veg = —5 Vdc, |; = 0, f = 1 me 
Input Capacitance 

Veg = —1 vde, le = 0, f = 100 kc 
Turn-on Time 


Motorola High-Frequency Transistors 


Ic = —10 mAdc, I,, = —1 mAdc, Veeco) = +1.25 Vde 


Turn-off Time 


Ic = —10 mAdc, I,, = —1 mAdc, |,, = +1.25 mAdc 


Total Control Charge 
Ic = —10 mAdc, |, = —1 mAdc 


COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT 


TEKTRONIX 541 
OR EQUIVALENT 


Vec = — 10 Vde 


BASE AND COLLECTOR CUTOFF CURRENT TEST CIRCUIT 


*Adjust V,, for —5.4 volt pulse at point A 
24 pf 


"Ve 1002 aA* 300 2 


100 
Q {" Relay 


—3.1 Vde 


NOTE: 
le = —10 mAdc 
fy = —1 mAdc 


—5.4 Vde = 10% | 
at point A £— + _t 
a ee palace 
ar 20m 
10 nsec MAX 
MAX 
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(At 25°C unless otherwise specified) 


10-mA (ic) SWITCHING TIME TEST CIRCUIT TYPE R SAMPLING 


RESISTOR 


280 0 202 —3.1 Vde 


INPUT SIGNAL ° 
NOTE: 


+1.25 Vde OTE: sae 
O-F- la: = 1 mAdc 
2009 lez = +0.25 mAde 
PULSE VOLTS Vee a = Be icy Vdc 
—5.4 Vde INTERNAL RESISTANCE weal ie ba 


TEKTRONIX TYPE 581 SCOPE 
OR EQUIVALENT 


10-mA (Ic) TOTAL CONTROL CHARGE TEST CIRCUIT 
—10Vdc 


+0.3Vdc 
—0.18Vde © 


Motorola High-Frequency Transistors 


2n964 


For Specifications, See 2N960 Data Sheet 


Vcco = 7V 
Ic = 100mA 
f; = 460 Mc Typ 


on964A 
@ 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 


Collector-Base Voltage 15 
Collector-Emitter Voltage 15 


Emitter-Base Voltage 2.5 
Collector Current 100 


Junction Temperature 100 
Storage Temperature —65 to +100 


Total Device Dissipation at 25°C 
Case Temperature 
(Derate 4mW/°C above 25°C) 300 


Total Device Dissipation at 25°C Ambient 
Temperature (Derate 2 mW/°C above 25°C) 


hee, MINIMUM CURRENT GAIN 


NOTE: Limit Curves are based on periodic engineering evaluation. 


Ic, COLLECTOR CURRENT (mAdc) 
TOTAL CONTROL CHARGE 


1000 
700 


100-mA (I-) SWITCHING TIME TEST CIRCUIT 
500 


(aaa aes 
a > 4 eae 
it 


0.2 0.5 0.7 5.0 7.0 10 
'e, disc ere ee 


50 


20 


len = +1.25 mAdc 

Vos = +1.25 Vde 

USE TEKTRONIX TYPE “R”’ 

= PLUG-IN 

TEKTRONIX TYPE 581 SCOPE 
OR EQUIVALENT 


PULSE VOLTS 
INTERNAL RESISTANUE 


z 

3 INPUT SIGNAL 

2. /k= 

8 eee th ne a7 au +1.25 Vdc 

ui T, = 100°C Wj : 

S senile ecaii -F oon 25: oni 
3 

2 Ke TYPE R SAMPLING 
z sash NOE RESISTOR 

: ai A io oe NOTE: 

a —— RG SS a ek |, = —100 mAdc 

= a ee See 1002 ls, = —5 mAdc 

= 

= 

& 
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Motorola High-Frequency Transistors - 
2N964A (continued) 
FOR ADDITIONAL CURVES, SEE 2N960 DATA SHEET 


ELECTRICAL CHARACTERISTICS 
(Registered with EIA as the 2N964A) (at 25°C unless otherwise noted ‘ 


Characteristic Symbol 


OFF CHARACTERISTICS _ 

Collector-Base Breakdown Voltage BV cro 
(lc = —100 Adc, I, = 0) 

Collector-Emitter Breakdown Voltage BV ceo 
(le = 10 mAdc, |, = 0) 

Collector Latch-up Voltage LVcex 

Emitter-Base Breakdown Voltage BV eso 
(le = 100 yAdc, I_ = 0) 

Collector-Emitter Cutoff Current lees 
(Veg = —15 Vde, Veg = 0) . 

Collector Cutoff Current leso 
(Vc, = —6 Vdc, I, = 0) . 

Base Leakage Current let 
(Vee = — 6 Vdc, Vos = +0.5 Vdc) 
(Vce = — 6 Vdc, Vo, = +0.5 Vdc, T, = 85°C) 


ON CHARACTERISTICS . 
Forward Current Transfer Ratio 
(le = —10 mAdc, Veg = —0.3 Vdc) 
--10 mAdc, Ve, = —0.3 Vde, T; = —55°C) 
—50 mAdc, Veg = —1 Vdc) 
—100 mAdc, Veg = —1 Vdc) 
= —100 mAdc, Ve, = —1 Vdc, Tj = 85°C). . 
Collector Saturation Voltage Vee (set) 
= —10 mAdc, |, = —1 mAdc) 
—50 mAdc, |, = —5 mAdc) 


= —100 mAdc, |, = —10 mAdc) 


Base-Emitter Voltage 
—10 mAdc, |, = —1 mAdc) 
—50 mAdc, |, = —5 mAdc) 
(Ic = —100 mAdc, |, = —10 mAdc) 


TRANSIENT CHARACTERISTICS 
Output Capacitance 
(Veg = —1 Vdc, |, = 0, f = 1 mc) 
(Vc, = —10 Vdc, |, = 0, f = 1 mc) 
Input Capacitance 
(Vex = 1 Vde, Ie = 0, f = 100 kc) 
Small Signal Forward Current Transfer Ratio 
(le = —20 mAdc, Vee = —1 Vde, f = 100 mc) 
Current-Gain — Bandwidth Product 
(le = —20 mAdc, Vc, = —1 Vdc) 
Delay Time Plus Rise Time 
(lp =— 10 mA) 
(Ie =— 100 mA) 
Storage Time Plus Fall Time | 
(lc = — 10 mA) : 
(le = — 100 mA) 
Total Control Charge pico- 
_ (Ile = — 10 mA, I, = — 1 mA) | coulombs 
Active Region Time Constant  AsSec 


nsec 
(le =— 10 mA) 
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Motorola High-Frequency Transistors 


2n965 


2n966 For Specifications, See 2N960 Data Sheet 
on96/7 For Specifications, See 2N963 Data Sheet 
Vces = 7-15 V 
2N968 thru 2n975 lc = 100 mA 
f; = 32 
CASE 22 | | avian 
(TO-18) PNP germanium mesa transistors for high-speed 


Switching applications. 


MAXIMUM RATINGS 


ere 2N968 2N969 2N970 2N971 
aracteristic 2N972 “2N973 2N974 2N975 Unit 


Collector — Base Voltage 12 
Collector - Emitter Voltage _Vees | 12 
Emitter — Base Voltage : (2 ee Fe 


_Junction Temperature +100 
_ Storage Temperature Range —65 to +100 


Total Device Dissipation @ Tj = 25°C 

(Derate 4mW/°C above 25°C) : Si 300 
Total Device Dissipation @ T, = 25°C 

(Derate 2mW/°C above 25°C) 


CURRENT GAIN-BANDWIDTH PRODUCT (f;) 
versus COLLECTOR CURRENT 


NORMALIZED D.C. CURRENT GAIN 


fr, GAIN BANDWIDTH PRODUCT ( MEGACYCLES) 


| 

| ae 

zz 

i am 
10 


l 
0.1 0.2 0.5 1.0 2.0 5 50 100 
lc, COLLECTOR CURRENT (mAdc) Ic, COLIECTOR CURRENT (mAdc) 


COLLECTOR SATURATION VOLTAGE versus AMBIENT TEMPERATURE STORAGE TIME versus CIRCUIT CURRENT RATIO 


100 


oo 
oOo 


eee 
le: = 4 Ip, 
R, = 1002 
R,=1KQ 


t,, STORAGE TIME (NANOSECONDS) 


Ver(sat), COLLECTOR SATURATION VOLTAGE (VOLTS) 


5 10 15 20 


"75-50 --25 0 +25 +50 +75 +100 
+ q lo/Ig, CIRCUIT CURRENT RATIO 


T,, AMBIENT TEMPERATURE (°C) 
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Motorola High-Frequency Transistors 


2N968 thru 2N975 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted ) 


Collector Base Breakdown Voltage 2N968, 2N972 
2N973, 2N974 
2N971, 2N975 


Emitter Base Breakdown Voltage 
(lk = 100 wAdc, Ie = 0) 2N968, 2N972 
2N969, 2N973 
2N970, 2N974 
2N971, 2N975 


BVe80 


Collector-Emitter Cutoff Current lees 


(Vez = 0) _ 2N968, 2N972 
(Veg = —15 Vdc) 2N969, 2N970, 
(Vce = —12 Vdc) -2N973, 2N974 
(Veg = —7 Vdc) 2N971, 2N975 


Collector-Base Cutoff Current 
(Vcg = —6 Vdc, I, = 0) 2N968, 2N969, 2N970, 2N972, 
2N973, 2N974 2N971, 2N975 
DC Forward Current Transfer Ratio 2N968, 2N969, 2N970, 
(le = —10 mAdc, Veg = —0.5 Vdc) 2N971 2N972, 2N973, 
2N974, 2N975 
(Io = —25-mAdc, Veg = —0.7 Vdc) 2N968, 2N969, 2N970, 
2N971 2N972, 2N973, 2N974, 2N975 


leBo 


zs 
nn 
m 


Collector-Emitter Saturation Voltage Vaiss Vdc 
(lc = —10 mAdc,!, = —1 mAdc) All Types 
(Ie = —25 mAdc, |, = —1.5 mAdc) All Types 

Base-Emitter Voltage 2N968, 2N969, 2N972, Vee (sat) Vde 


(lg = —10 mAdc, lp = —1 mAdc) 2N973 2N970, 2N971, 
2N974, 2N975 

(le = —25 mAdc, lp = —1.5 mAdc) 2N968, 2N969, 2N972, 

9N973 2N970, 2N971, 2N974, 2N975 


Current Gain-Bandwidth Product 
(1; = —10 mAdc, Veg = —1 Vdc) All Types 


f 
a 


Collector Output Capacitance 
(Veg = —10 Vdc, f = 1 mc, le = 0) All Types 


Emitter Transition Capacitance 
(Veg = 1 Vdc, Ie = 0) All Types 


Turn-on Time ONd6a ONDES, DNSTO 
(le = —10 mAdc, I, = —1 mA) = 9973, ' ; 


a | 3.5 ca 
nsec 
Vee (0) = 41.25 Vde 2N970, 2N971, 2N974, 
2N975 


Turn-off Time | nsec 
(lc = —10 mAdc, Is, = —1 mAdc) 
les = 0.25 mAdc 2N968, 2N969 70 | 150 
2N972, 2N973 75 175 
2N970, 2N971, 2N974, 2N975 100 275 


Total Control Charge Q,. pico- 
(Ic = —10 mAdc, |, = 1 MA) 2N968, 2N969, 2N972, 2N9/3 coulombs 
2N970, 2N971, 2N974, 2N975 
(Figure 4) 
(le = —25 mAdc, |, = —1.5 mA) 
2N968, 2N969, 2N972, 2N973 
2N970, 2N971, 2N974, 2N975 


fp) £ — 
Py o q 


— 
~ 
fom} . 
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Motorola High-Frequency Transistors 


Voeo =7V 


Ic = 200 mA 


@O PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Collector Current Io -200 mAdc 


Junction Temperature 100 
Storage Temperature -65 to +100 


Device Dissipation 
@Te =25°C 
Derating factor above 25°C 


Device Dissipation 
@T, = 25°C 
Derating factor above 25°C 


SWITCHING TIME TEST CIRCUIT 


1000 


Vour 
OSCILLOSCOPE RISE TIME << 1 nsec 
| 


_ 4 TOTAL COLLECTOR SHUNT 
o7T*™ ft CAPACITANCE = 6 pf 


+1.25V 
0 —- o— epjas a 
—5.5V Ps 
INPUT PULSE 
t, <= 1 nsec 


t, = 1 nsec 
PW = 200 nsec — pox 
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Motorola High-Frequency Transistors 


2N985 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(Ic = -100 wAde, Ig = 0) 


Collector-Emitter Breakdown Voltage BVo EO 
(Ic = -5 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage BVcEs 
(Ic = -100 Adc, Ree = 0) ~15 
Emitter-Base Breakdown Voltage BVeRO 
(Ip =.-100 pAde. Io = 0) 
Collector Cutoff Current 
(Vop = -5 Vde, Ip = 0) 


IcBO 
Emitter Cutoff Current ‘ 
(Vp = -3 Vdc, Io = 0) 
VoxR(sat) 
~~ VBE 


Small Signal Current Gain [Heol 
(Vog =-2 Vdc, Io = -30 mAdc, f = 100 mc) 


DC Current Gain 
(I¢ = -10 mAdc, Veg = -0.25 Vdc) 


(Ig = -100 mAdc, Vog = -0.5 Vdc) - 


Collector Saturation Voltage 
(Ic = -10 mAdc, Ip = -0.5 mAdc) 


(Ig = -100 mAdc, Ip = -5 mAdc) 


a > 


Base-Emitter Voltage 
(Ig = -10 mAdc, Ig = 0.5 mAdc) 


(Io = -100 mAdc, Ip = -5 mAdc) 


Collector Output Capacitance Cob 
(Vop = -5 Vde, Ip = 0,f = 1 mc) 


Turn-on Time 
(Ip = -10 mAdc, Ip; = -5 mAdc, VBE(O) = +1.25 Vdc) 


Turn-off Time 
(I¢ = -10 mAdc, fy, + -5 mAdc, Ipg = +1.25 mA) 


2n995 


For Specifications, See 2N869 Data Sheet 
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on1131 


2N1991 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Collector-Base Voltage 


Motorola High-Frequency Transistors 


Vceo = 20-35 V 
Ic = 600 mA 


PNP silicon annular transistors for medium-current- 
switching applications. 


2N1131 
2N1991 


Collector-Emitter Voltage 


2N1131 
2N1991 


Collector-Emitter Voltage Vo ER Vdc 
me — 2N1131 
Collector Current Ic mAdc 
2N1131 


Total Device Dissipation 


@ 25°C Case Temperature Both Types 
Derating Factor Above 25°C 2N1131 


Total Device Dissipation 


2N1991 


@ 259°C Ambient Temperature Both Types 
Derating Factor Above 25°C 2N1131 


Junction Temperature 


2N1991 


2N1131 
2N1991 


Storage Temperature Range 


2N1131 | -65 to +300 
2N1991 -65 to +150 
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Motorola High-Frequency Transistors 


2N1131, 2N1991 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


2N1131 
P ; = : 2N1991 
Emitter- Base eirninda pore BVEBO Vde 
(Ip = 100 wAdc, Io = 


Collector-Emitter Breakdown Voltage BVoro Vdc 
(I, = 100 mAdc pulse, Ip = 0) 2N1131 
2N1991 
Collector-Emitter Breakdown Voltage BVorR Vae 
(Ic = 100 mAdc pulsed, Rpg = 102) 2N1131 


Collector Cutoff Current IcB0 p. Adc 
2N1131 1 
2N1131 100 
2N1131 100 
2N1991 5 
2N1991 200 


(Vcp = 30 Vdc, Ip = Q) 
pp Adc 
2N1131 100 
2N1991 200 


Collector-Base Breakdown Voltage 
= 0) 


(Vop = 30 Vdc, Ip = 0,T, = 150°C) 
(Vop = 50 Vdc, Ip = 0) 
(Vog = 10 Vdc, Ip = 0) 
(Vop = 10 Vde, Ip = 0, Ty 


Emitter Cutoff Current 
(VER 2 Vdc, Io = Q) 
(Veg 1 Vde, Ig == 0) 


DC Forward Current Transfer Ratio 


(Ic = 5 mAdc, Vog = 10 Vdc) 2N1131 15 — 
(I¢ = 30 mAdc, Vcr = 10 Vdc) 2N1991 
(Ig = 150 mAdc, Vog = 10 Vdc) 2N1131 

2N1991 


Collector~Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 


Output Capacitance 
(Vcop = 10 Vdc, Ip = 0, f = 100 kc) 


Input Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 100 ke) 2N1131 
AC Current Gain 
{Ic = 50 mAdc, VCE = 10 Vdc, f = 20 mc) 2N1131 
2N1991 
2N1131 
2N1131 


Small-Signal Forward Current Transfer Ratio 
(Ic = 1 mAdc, Vcg = 5 Vde, f = 1 ke) 
(Ic = 5 mAdc, VcE = 10 Vde, f = 1 kc) 


Small Signal Input Resistance 
1 mAdc, Vog = 5 Vde,f = 1 ke) 
5 mAdc, Vos 10 Vdc, f = 1 kc) 


oft 


2N1131 


2N1131 


Pulse Test: Pulse width = 300 psec, Duty Cycle = 2% 


1 mAdc, VcE 


= 5 Vdc, f = 1 ke) 
= § mAdc, Veg 


10 Vde, f = 1 ke) 


tt oUt 


Small Signal Voltage Feedback Ratio 
(Ig = 1 mAdc, Vo = 5 Vde,f = 1 ke) 
(Ic 5 mAdc, Vor = 10 Vde,f = 1 ke) 


WoW 
n ot 
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Motorola High-Frequency Transistors 


2n1132,A,B 


For Specifications, See 2N722 Data Sheet 


G. = 25 db @ 70 Mc 
onl 14] thru 2N1 143 NF = 4-5 db @ 100 Mc 
on1195 Pp = 300 mW 


CASE 3 PNP germanium mesa transistors for amplifier, 
oe driver, oscillator and doubler applications. 


MAXIMUM RATINGS 


Symbol 2N1141. -2N1142 2N1143 2N1195 Unit 


Collector-Base Voltage 


Vcso 


Emitter-Base Voltage 


VeBo 


LS 8 A (ND =§«« eae 


Collector Current (Continuous) 


Ic 


Emitter Current (Continuous) lk 


Base Current 


Junction Temperature 


meee Se eee ecw 


Storage Temperature Range 


ES Ls  é(é(j(§§ ne 


Total Device Dissipation at 25°C Case 
Temperature (10 mW/ °C) 


Total Device Dissipation at 25°C Ambient 
Temperature (Derate 4 mW/°C above 25°C) 


Collector Dissipation at 25°C Ambient 
Temperature (Derate 3 mW/°C above 25°C) 


TRANSISTOR SELECTION CHART 


Typical 100mc Noise Figure Minimum h,, 
@I, = —100u Ade, |, —0 R, == 75Q —10Vdc, f = 100mc 


35Vde 30Vde 25Vde 40db  45db 5.0db 12 db 10 db 8 db 


2N1141 al al 
2N1142 
2N1143 


2N1195 
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Motorola High-Frequency Transistors 


2N1141-2N1143, 2N1195 (continued) | 
ELECTRICAL CHARACTERISTICS (At25°C case temperature unless otherwise specified ) 


Characteristic 


Collector-Base Breakdown Voltage 
(I, = —100pAde, |, = 0) 


Emitter-Base Breakdown Voltage 
(i. = 10042 A, 


le = 0) 


Collector-Base Cutoff Current 
Ves = —15 Vdc, le — 0) 
(Vg = —20 Vado, i, = 0) 
Emitter-Base Cutoff Current 
= —0.5Vde, |. = 0) 
DC Forward Current Transfer Ratio 
(Vce = 10 Vide, |, = —]0 mAdc) 


Collector Saturation Voltage 
——50 mAdc , |, = —10 mAdc) 


Small Signal Forward Current Transfer Ratio 


Vee == —10 Vdc, le = —10 mAdc, f = 100 mc) 


Small Signal Forward Current Transfer Ratio 
(Vee == —10 Vde, le = —10 mAdc, f = 1 kc) 


Small Signal Input Impedance 
(Vos = —10 Vde, |, == —10 mAdc, f = 1 ke) 
Output Admittance 
co 10 Vdc, le = —10 mAdc, f = 1 kc) 


Voltage Feedback Ratio 
Vos = —10 Vde, I == —10 mAdc, f = 1 kc) 


Small Signal Current Gain Cutoff Frequency 
(Vee == —10 Vde, |, == —10 mAdc) 
Base Resistance 
(Veg == —10 Vde, |, == —10 mAdc, f == 250 me) 


Collector Transition Capacitance 


a= — Vdc, |, == 0, f == 1 me) 


Emitter Transition Capacitance 
(Ves = 05 Vdc, le = 0, f = i mc) 
Collector-Base Time Constant 
(Ves = —10 Vde, |, = 3 mAdc, f = 30 mc) 
Noise Figure 
ce = —-5 Vde, |, = —.8 mAdc, 
f = 4.5 me, R; = 3009) 


Ver = —10 Vdc , le = 1 mAdc, 
f = 100 me, R, = 752) 


Vee = —10Vde, |; = 1 mAdc, 
f = 200 mc, R; = 502) 


Oscillator Efficiency 
(Voce = —20 Vde, I, == —10 mAdc, f == 400 mc) 


Collector Series Resistance 
(Voy == —10 Ve, |; = 10 mAdc) 


Symbol Minimum Typical 
BVcr0 
2N1141 35 45 
2N1142 30 45 
2N1143 25 45 
2N1195 30 45 
BVeso 
2N1i41 10 13 
ON1142 07 13 
2N1143 05 13 
____2N1195 —__1L0 peearee Os teeners 
leso 
2N1141, 2N1142, 2N1143 " 05 
2N1195 - 05 
is 
hy 
2N1141, 2N1142, 2N1143 : 10 25 
2N1195 iS 25 
Vetisa 
2N1141, 2N1142, 2N1143 2 0.185 
2N1195 a 0.185 
he 
2N1141 12 18 
ON1142 10 18 
2N1143 8 18 
2N1195 12 18 
Ne 
2N1141, 2N1142, 2N1143 . és 0.98 
2N1195 0.96 0.98 
he 
2N1141, 2N1142, 2N1143 = 36 
2N1195 a 36 
Nee 
2N1141, 2N1142, 2N1143 7 10 
2N1195 7 10 
Da 
2N1141, 2N1142, 2N1143 : _ 0.0013 
2N1195 = 0.0013 
fa, 
Ail Types = 1000 
if , 
2N1141 ° “ 65. 
2N1142 as 80 
2N1143 y 110 
2N1195 2 65 
Ci. 
2N1141 eS 11 
ON1142 _ Li 
2N1143 S 11 
2N1195 . 11 
Cre 
All Types Eee i 25 
1,'C. 
All Types _ 23 
NF 
2N1141 se 3.0 
2N1142 e 35 
2N1143 a 4.0 
2N1195 a 3.0 
2N1141 a 4.0 
2N1142 3 45 
2N1143 a 5.0 
2N1195 = 45 
2N1141 f. 55 
2N1142 _ 6.0 
2N1143 a 65 
2N1195 = 6.0 
ONI141 a“ 7 20 
2N1142 = 18 
2N1143 sy 12 
2N1195 is 18 
t’ 
Ail Types = 2 


Maximum 


\ 


COMMON EMITTER POWER GAIN hfe, AND NOISE FIGURE versus FREQUENCY 


40 pe 


30 


20 


10 


POWER GAIN AND h,, (db) 


ae aii 


Vee = —10 Vde 


Se 


| PNR 


Hil lL 
FREWONCT (MC) 


200 
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NOISE FIGURE (db) 


Unit 


Vdc 


pf 


pf 
psec 


db 


Ohms 


Motorola High-Frequency Transistors 


2n1204, A 


2N1494,A 

2N1495 Veto = 12-25 V 
2N1496 Ic = 500mA 
2N2096 f; = 200. Mc Typ 
2N2097 

2N2099 PNP germanium epitaxial mesa transistors for high- 
2N2100 NY speed, high-current switching in line and core driver 


applications. 


\ 


CASE 31 \\ 


CASE 25 
(TO-5) (TO-31) 
2N1204,A 2N1494,A 
2N1495 2N1496 
2N2099 2N2096 
2N2100 2N2097 


MAXIMUM RATINGS 


Collector-Base Voltage 


2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N2099 
2N1495, 2N1496, 2N2097, 2N2100 


Collector-Emitter Voltage Vcro Vdc 
2N2096, 2N2099 12 
2N1204, 2N1204A, 2N1494A 15 
2N2097, 2N2100 20 
2N1495, 2N1496 25 


Emitter-Base Voltage 
Collector Current 


Total Device Dissipation @ To = 25°C 
All Types 750 
derating factor above 25°C 10 


Total Device Dissipation @ T A= 25°C 


Collector-Emitter Voltage Vors Vdc 
2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N2099 
2N1495, 2N1496, 2N2097, 2N2100 


TO-5 Case 
2N1204, 2N1204A, 2N1495, 2N2099, 2N2100 
derating factor above 25°C 


TO-31 Case 
2N1494, 2N1494A, 2N1496, 2N2096, 2N2097 
derating factor above 25°C 


Operating Junction Range T : : 
Storage Temperature Range Toe 65 to +100 C 
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Motorola High-Frequency Transistors 


2N1204,A SERIES (continued) 


ELECTR | CAL CHARACTER | STI CS (At 25°C ambient unless otherwise noted) 


Characteristics [Symbol | Mininom| Typical [Maximum] Unit 


Collector-Base Breakdown Voltage Vdc 
Ig = 100 pAdc, I, = 0) 2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N209S 
2N1495, 2N1496, 2N2097, 2N2100 


Collector-Emitter Breakdown Voltage Vdc 


(Ig = 100 pAdc., Ves = 0) 2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N209% 
2N1495, 2N1496, 2N2097, 2N2100 
Collector-Emitter Breakdown Voltage Vde 
(Ig = 2 mAdc, Int 0) 2N1204, 2N1204A, 2N1494, 2N1494A 
(Io =10 mAdc, In = 0) 2N2096, 2N2099 
2N2097, 2N2100 
2N1495, 2N1496 
Emitter-Base Breakdown Voltage Vdc 
Qn = 1 mAdc. In = 0) 2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 
Up = 10 mAdc, = 0) 2N2096, 2N2097, 2N2099, 2N2100 
Galiecae Cutoff Current ywAdc 
(Von = 5 Vdc, = 0) 2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 
= 12 Vde. te = 0) 2N2096, 2N2099 
= 15 Vdc, Ip = 0) 2N2097, 2N2100 
Emitter Cutoff Current pAdc 
(Von = 0.5 Vdc, In = 0) 2N1494 thru 2N1496, 2N1494A 
(Von = 1 Vdc, Io = 0) 2N2096, 2N2097, 2N2099, 2N2100 
DC Current Gain hop 
Ug = 200 mAdc, Vor = 0.5 Vdc) 2N1204A, 2N1494A, 2N1495, 2N1496 
Ig = 200 mAdc, Vor = 1 Vdc) 2N2097, 2N2100 
(I, = 400 mAdc, Vor = 1,5 Vdc)* 2N1204, 2N1494, 2N2096, 32N2099 
2N2097, 2N2100 
Collector-Emitter Saturation Voltage Vor sat) 
(Ig = 50 mAdc, Int 2.5 mAdc) 2N2097, .2N2100 
(I, = 200 mAde, ‘Ip = 10 mAdc) 2N1204, 2N1204A, 2N1494, 2N1494A 
2N2097, 2N2100 
2N2096, 2N2099 
(I = 200 mAdc, IL = 20 mAdc) 2N1495, 2N1496 
(Ig = 400 mAdc, I = 25 mAdc)** 2N1204A, 2N1494A, 2N1495, 2N1496 
Vde 


Base-Emitter Saturation Voltage VBE (sat) 
(I, = 50 mAdc, Tp = 2.5 mAdc) 2N2097, 2N2100 
We = 200 mAdc, I = 10 mAdc) 2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 
2N2097, 2N2100 
2N2096, 2N2099 


Collector Output Capacitance 
(Von = 10 Vdc, Ip =0, f= 4 me) 2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 
2N2096, 2N2097, 2N2099, 2N2100 


Input ai itance 


= 1 Vdc, Io =0,f=4 me) All Types 


AC Gunrent Gain hee 
(ig = 20 mA, Vog = 10 V, £ = 100 me) 2N1204, 2N1204A, 2N1494, 2N1494A 
2N1495, 2N1496 
Rise Time t 
2N20$7, 2N2100 r 
2N1204, 2N1204A, 2N1494, 2N1494A, 2N2096, 2N2099 
2N1495, 2N1496 


Minority Carrier Storage Time Constant T, 
2N1204, 2N1204A, 2N1494, 2N1494A 
2N1495, 2N1496 


Storage Time 
2N2097, 2N2100 
2N2096, 2N2099 
Fall Time 
2N2097, 2N2100 40 
2N2096, 2N2099 60 


*Pulse Test: Pulse width ¢ 1 msec, Duty cycle < 6% 
**Pulse Test: Pulse width < 5 msec, Duty cycle < 2% 


) 


RISE TIME TEST CIRCUIT STORAGE AND FALL TIME TEST CIRCUIT 


H, RELAY Vout 


Hg RELAY ae 
; TEKTRONIX TYPE 517 


CRO OR EQUIVALENT > (SEE NOTE 1) 
50 
50 
10V --5V —-10V 
NOTE 1: SCOPE IMPEDANCE SUFFICIENTLY HIGH SO THAT DOUBLING 
OR HALVING ITS VALUE DOES NOT CHANGE THE READING. 
= SCOPE RISE TIME FAST ENOUGH SO THAT DOUBLING OR 
10V 10V HALVING ITS VALUE DOES NOT CHANGE THE READING. 
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Motorola High-Frequency Transistors 


2N1204,A SERIES (continued) 


NORMALIZED CURRENT GAIN 
CHARACTERISTICS CARRIER STORAGE TIME CONSTANT TEST CIRCUIT 


Vour 
1 Veg TO SCOPE 


1, |, 20 mA 
*C, 7500 pf 


1.5K 


1N277 


hee, NORMALIZED DC CURRENT GAIN 


INPUT PULSE 


= —o| b~— 10 psec 


ADD SCOPE AND PROBE 
CAPACITANCE TO C, FOR 

CORRECT CALCULATION m Cr Vour 
OF 7; (K’s) : \, 


1c, COLLECTOR CURRENT (mAdc) 


COLLECTOR EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 


Vee, COLLECTOR VOLTAGE (VOLTS) 


05 0.7 1.0 3.0 50 7.0 10 30 50 
ts, BASE CURRENT (mAdc) 


TYPICAL RISE AND FALL-TIME BEHAVIOR TOTAL CONTROL CHARGE 


LLL il ee See vale 
es! Ty 25°C ie he Y 
\ | i? foie i 
ete ea za 
ro) 
> 20 2 1000 
on Mama sons a 
uo fa] 700 a Raa ee ae eee 
= & ee ee a ee ae 
oer aie ae ae PSies 
me 2 +t1 | Yt | 
oe ee ee ae Seda 
Rae on in ee ee ein 
Oo . 
ni) Hl | il - Part : 
rte E 
10 100 ile 
10 20 30 50 70 100 200 300 500 1.0 3.0 50 7.0 10 30 50 


Ic, COLLECTOR CURRENT (mA) Ip, BASE CURRENT (mAdc) 
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Motorola High-Frequency Transistors ——~ 


2n1420 For Specifications, See 2N697 Data Sheet 


2n1494, A thru 2N ] 496 For Specifications, See 2N1204 Data Sheet 


2n1561 


G, = 5-6db @ 160 Mc 
2n 1562 P, = 0.4-0.5 W @ 160 Me 
2N1692 2 


2N1693 


PNP germanium mesa transistors for VHF power 
amplifier applications. 


CASE 23 CASE 24 


2N1561 2N1692 
2N1562 2N1693 


MAXIMUM RATINGS 


Characteristic | Symbol_| type |Rating, | Unit_ 
Collector-Base Voltage oe ee ee ee 
Collector-Emitter Voltage | Vow | TT 


Emitter-Base Voltage | 2N1561, 2N1692 Vv 
: 2N1562, 2N1693 V 


anaes OMe 


2N1561, 2N1562 
2N1692, 2N1693 


*May be exceeded provided total rated device dissipation is not exceeded. 


Storage Temperature Range Ie ee 
Total Device Dissipation at 


25°C Case Temperature 
(Derate 40 mW/ °C above 25°C) 


Total Device Dissipation at 
25°C Ambient Temperature 
(Derate 3.3 mW/°C above 25°C) 


| To | 
aa ae 


POWER GAIN versus FREQUENCY 


SAFE OPERATING AREA 


)2N1562 
{2N1693 


)2N1561 
{2N1692 


Vee = ~-15VDC 


P, = 450mW 


P, = 550mW 


| 
M LIMIT 
ae eer 


2N1561 


\ 

\ 
Ecce 
es 
cad van 
TNS 


0 50 70 100 150 200 300 ©. 400 
FREQUENCY (MEGACYCLES) 


CASE OR STUD 


rane 77) 


G,, POWER GAIN (DECIBELS) 
4, COLLECTOR CURRENT (mAdc} 


5 10 | 20 «2 
Vos COLLECTOR-BASE VOLTAGE (VOLTS) 
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Motorola High-Frequency Transistors 
2N1561, 2N1562, 2N1692, 2N1693 (continued) 
E LECTR | CAL CHARACTER | STICS (At 25°C unless otherwise noted) 


Collector-Base Breakdown Voltage . BVcso 
Is = 0, Ic = —100 zAdec 

Collector-Emitter Breakdown Voltage BVcsrs 
Ves = 0, Ic = —100 pAdec 


Collector Cutoff Current pAdc 
Iz = 0, Ves == ~10 Vde 

Emitter Cutoff Current 2N1562, 2N1693 mAdc 
Ic = 0, Vez = —0.4 Vdc 

Emitter Cutoff Current 


2N1561, 2N1692 

Ic = 0, Ves = —1.0 Vdc 
Collector Saturation Voltage Vexceat) 2N1561, 2N1692 
Ie = —200 mAde, Is = —40 mAdc 2N1562, 2N1693 


Smail Signal Forward Current Transfer Ratio 2N1561, 2N1692 
Ic = —50 mAde, Vex = —10 Vde, 2N1562, 2N1693 
f = 160 me 


Collector Capacitance Cc 
In = 0, Ves == —10 Vde 

Current Gain-Bandwidth Product 
Ic = —50 mAdc, Vc = —10 Vdc 


Base Resistance 
Iz = —20 mAdc, Ves = —10 Vde, f = 300 me 


[- 3-5 
oe 


2N1561, 2N1692 
2N1562, 2N1693 


ob 
fr 


Power Output 
Ic == —100 mAdc Max, f = 160 me 


Ven = 15 Vdc, Pin = 125 mW 


Power Gain 
Ic == —100 mAdc Max, 
Ves = ~-15 Vdc, f = 160 me, 


2N1561, 2N1692 


2N1561, 2N1692 
2N1562, 2N1693 


P, == 0.5 Watt 
Power Gain . Ge 2N1562, 2N1693 5 _ db 
Ic = —100 mAdc Max, 
Vcr = —15 Vde, f = 160 mc, 
P, = 0.4 Watt 
POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus POWER IN 
2N1561/2N1692 2N1562/2N1693 
6 ES rah anor oh wean Ad 
Ss > oe x 
1. = 100 = 3 1.0 3 sq— f = 160mc 100 & 
- BS 3 E = 3 
Fos} E Fa Eoal = 6 80 & 
< 5 rx) a = 2 
= ia i 3 & te 
- 06) & ti = 061 & 4 60 
3 Fa} S = S 4 
_ 
= o & 2 & 2 
Fo4 a 3 0.44 & 20 440 4 
& a 2 o 2 3 
392 ps o o 20 rx} 
a. e 5 £ 0.2 -_ e 
a 
0 
% 2. 50. 75 100 4125 +150 ° ” 0 25 ~—-50 75 100 125 150 
Pin, POWER IN (mW) Pin» POWER IN (mW) 
POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus FREQUENCY 
2N1561/2N1692 . 2N1562/2N1693 
100 
1g 3 1.0] « 80 100 
ee e &£ E S 
208 5 > = 08} - 60 80 > 
a Fa - ie = 
504 3 2 = 06) 3 40 60 2 
hea ire wi w reg 
Sod 5 e $5 e a 
ed 04 3 S « 04) & 20 40 9 
0. S Piy = 125mW a 0.2 o Pry = 125mW. 02 
= T, = 25°C ° =e T, = 25°C ° 
is i 
0 0 0 0 . 0 
0 40 60 80100 160 200 300 400 0 40 60 80100 160 200 300 400 


FREQUENCY (MEGACYCLES) FREQUENCY (MEGACYCLES) 
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2N1561, 2N1562, 2N1692, 2N1693 (continued) 


ad 
b 


P,, POWER OUT (WATTS) - 


2 


Ic, COLLECTOR CURRENT (mAdc) 


21613 


2n1692 
2n1693 


wnI711 
2n1991 


2n2096 
2n2097 
2n2099 
2n2100 


POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus COLLECTOR-EMITTER VOLTAGE 
2N1561/2N1692 2N1562/2N1693 


1.0 100 
4 g 
3 w 08) = 80 = 
> c = 
S <x te 
= = 2 
wi = a 
S ~ 06} © 60 2 
te 5 rs) 
rer) = < 
[+4 = oO 
f= & 04 Fr 40 
oO o. ww 
= 3 =| 
= a 3 
3 02| % 20 
= at 
0 
0 5 10 
Vox, COLLECTOR-EMITTER VOLTAGE (VOLTS) Ver, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


For Specifications, See 2N718A Data Sheet 


For Specifications, See 2N1561 Data Sheet 


For Specifications, See 2N718A Data Sheet 


For Specifications, See 2N1131 Data Sheet 


For Specifications, See 2N1204 Data Sheet 
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7, COLLECTOR EFFICIENCY (%) 


Motorola High-Frequency Transistors 


Veto — 25-50 V 
2N2 192, A,B thru 2n2195, A,B l= 1A 
f, — 250 Mc 


NPN silicon annular transistors for high-current 
switching and amplifier applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


2N2192 
2N2192A 
2N2192B| 
2N2194 

2N2194A 
2N2194B 


2N2193 | 2N2195 
2N2193A| 2N2195A 
2N2193B} 2N2195B 


Characteristic 


Collector-Base Voltage sof 60 80 45 Vdc 


Emitter-Base Voltage 
Collector Current 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 


0.8 0.8 0.6 Watt 
4.56 | 4,56 | 3.43 | mwW/°c 


—— 12.8 —— Watts 
———— 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 


Junction Temperature, Operating 
mntOnabe Temperature Range 


—frcermecmieren cre 
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Motorola High-Frequency Transistors 


2N2192,A,B thru 2N2195,A,B (continued) 
ELECTRICAL CHARACTERISTICS (at25°c unless otherwise specified) 


Characteristics 


Collector-Base Breakdown Voltage 
(I, = 100 wAdc, Ip = 0) 2N2192, A, B, 2N2194, A, 
2N2193, A, B 
2N2195, B 


Collector Emitter-Open Base Sustain Voltaze* 
fl, = 25 mA pulsed, Ip = 0) ‘ B, 2N2194, A, 
B 


B 


Emitier-Base Breakdown Voltage 
a5 = 100 pAdc, Io = 0) 2N2192, B, 2N2194, A, 
2N2195, B 
2N2193, 


Collector Cutoff Current 

(Van = 30 Vde, I, = 0) 2N2192 
cB <2 2N2195, 

(Vn, = 30 Vde, 1, =0, T, = 150 C) 2N2192, 2 
cs Oe ee at oe 2N2194, 
2N2195, 
(op = 60 Vde, I, = 0) 2N2193, 
(op = 60 Vde, I, = 0, Ty = 150°C) 2N2193, 


Emitter Cutoff Current 
Vop = 3 Vdc, Io = 0) 2N2192, B, 2N2194, A, B 
2N2195, B 


(Ving = 5 Vde, Ip = 0) 2N2193, A, B 


Collector-Emitter Saturation Voltage ‘ Vor (sat) 
Mi, = 150 mAdc, I, = 15 mAdc) 2N2192 thru 2N2195 
2N2192A thru 2N2195A 
2N2192B thru 2N2195B 


Base-Emitter Saturation Voltage Q ViaR( sat) 
ie = 150 mAdc, Ine 15 mAdc) All Types 


DC Current Gain* = 
(I, = 0.1 mAde, Vo, = 10 Vac) 2N2192, A, B, 2N2193, A, B 
(I. = 10 mAdc, V.., = 10 Vde) 2N2192 

S » eke 2N2193, 
2N2194, 

(i. = 10 mAdc, Vn = 10 Vde, T, =-55"C) —-2N2192 
- ee ie 2N2193, 
(I. = 150 mAde, V,.,, = 10 Vdc) 2N2192 
e eee 2N2193, 
2N2194, 

2N2195, 

(I, = 150 mAdc, V,., = 1.0 Vdc) 2N2192 
. one 2N2193, 
2N2194, 

2N2195, 

= 500 mAdc, V.., = 10 Vdc) 2N2192 

£ oe 2N2193, 
2N2194. 

(Ig = 1.0 Adc, Vop=10 Vde) 2N2192, A, B, 2N2193, 


Output Capacitance 
Vop = 10 Vde, Ip =0, f = 1.0 mc) All Types 


Small Signal Current Gain 
(I, = 50 mA, Vor= 10 V, f = 20 mc) All Types 


Rise Time 


Storage Time 2N2192-94, 2N2192A-94A, 2N2192B-94B 


Fall Time 


*Pulse Test: PW < 300 usec, Duty Cycle < 2% 


Vi- im ii 
0 10 Scope Input: 
| usec = R = 10 Megohms 
~ C = 11.5 pf 
2N2192, A,B —V,=7.5V,Ve= 7.5V t, = 20 nsec 
t, = 20 nsec 
2N2193, A, B Rie = 502 


bye 15V,V,=15V 
2N2194, A, B 
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Motorola High-Frequency Transistors 


2N22 17 thru 2N2222 
fp Vero = 30 V 


f; = 400 Mc Typ 


\ . \ NPN silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 


CASE 22 CASE 31 
(TO-18) (TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 2N2217-19 | 2N2220-22 


Emitter-Base Voltage 


Total Device Dissipation at 


25°C Case Temperature 
Derating Factor Above 25°C 


Total Device Dissipation at 
25°C Ambient Temperatures 0.8 0.5 Watts 
Derating Factor Above 25°C 5.33 3.33 mW/°C 


Motorola High-Frequency Transistors 


2N2217 thru 2N2222 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector Cutoff Current 
(Veg == 50 Vdc, I, = 0) 


Collector Cutoff Current 
(Veg = 50 Vdc, T, = 150°C) 
Collector-Base Breakdown Voltage 
(lc = 10 Ade, Ie = 0) 
Collector-Emitter Breakdown Voltage 
(le = 10 mAdc, k= 0) 
Emitter-Base Breakdown Voltage 
(I; = 10 pAdc, le = 0) 


Collector Saturation Voltage 
(le = 150 mAdc, I, = 15 mAdc) All Types 


(l¢ = 500 mAdc, I, = 50 mAdc) 


2N2218, 2N2219 
2N2221, 2N2222 


Base-Emitter Saturation Voltage 
(Ile = 150 mAdc, I, = 15 mAdc) All Types 
(le = 500 mAdc, |, = 50 mAdc) 

2N2218, 2N2219 
2N2221, 2N2222 


DC Forward Current Transfer Ratio 
(Ie =0.1 mAdc, Vee = 10 Vdc) 
2N2218, 2N2221 
2N2219, 2N2222 
(le = 1.0 mAdc, Veg = 10 Vdc) 
2N2217, 2N2220 
2N2218, 2N2221 
2N2219, 2N2222 
“(le = 10 mAdc, Veg = 10 Vdc) 
2N2217, 2N2220 
2N2218, 2N2221 
2N2219, 2N2222 
(Ie = 150 mAdc, Vee a 10 Vdc) * 
2N2217, 2N2220 
2N2218, 2N2221 
2N2219, 2N2222 
(Ile == 500 mAdc, Veg = 10 Vdc) * 
2N2218, 2N2221 
2N2219, 2N2222 


Output Capacitance 
Veg = 10 Vdc, |, = 0, f = 100KC 


Input Capacitance 
Veg = 0.5 Vde, Io = 0, f = 100KC 


Small Signal Forward Current Transfer Ratio 
(Vog = 20 Vdc, Ic = 20 mAdc, f = 100mc) 


Current Gain —- Bandwidth Product 
(le = 20 mAdc, Veg = 20 Vdc) 


Turn-on Time 
(Fig. 1) 


Turn-off Time 
(Fig. 2) 


Total Switching Time 
(Fig. 3) 


*Pulse Test: 
Pulse width = 300 usec 
Duty Cycle <= 2% 


FOR DESIGN CURVES SEE 2N2218A DATA SHEET 
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Motorola High-Frequency Transistors 


on2218A 

on2219A eer 
on2221A f; = 400 McTyp 
oN2222A 


NPN silicon annular Star transistors for high-speed 
nes and DC to VHF amplifier applications. 


CASE 22 CASE 31 
(TO-18) (TO-5) 


ABSOLUTE MAXIMUM RATINGS 


2N2218A 2N2221A 
Characteristic Symbol 2N2219A 2N2222A 
(T0-5) (T0-18) 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Total Device Dissipation at 
25° C Case Temperature 
Derating Factor Above 25 C 


Total Device Dissipation at 
25 C Ambient Temperature 
Derating Factor Above 25 C 


Junction Temperature Range j -65 to +175 


Storage Temperature Range -65 to +300 


TYPICAL CURRENT GAIN CHARACTERISTICS 
a TT tee fies 
eee ee Oi ae Me a a 


meee Seana 
as a Be 

ae ee oe a ——+ + 

wane ee =a 


hye NORMALIZED 


NORMALIZED TO Ic = 150 MA came Vee = 1V 
Vop’= 1V 
Ty = 25°C 


wae Vi. — 2V 


“0. 1 0.2 0.5 1.0 2.0 5.0 10 20 100 200 500 
Ic, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N2218A, 2N2219A, 2N2221A, 2N2222A (continued) 


ELECTRICAL CHARACTERISTICS 


(At 25°C Ambient temperature unless otherwise specified.) 


Static Characteristics 
Collector-Base Breakdown Voltage BVcRO 
(I, = 10 wAdc, In = 0) Ali Types 


~J 


Collector-Emitter Breakdown Voltage BVcKo 
(ic = 10 mAdc, I, = 0) All Types 
Emitter-Base Breakdown Voltage BV 


(ip = 10 Adc, Io = 0) All Types 


Collector Cutoff Current 
(Voz = 60 Vdc, I, = 0) All Types 


(Vcp = 60 Vdc, I, = 0, Ty = 150°C) All Types 


Collector Cutoff Current lorx 
(Vopr = 60 Vde, Von = 3Vdc) All Types 


Base Cutoff Current I 


oO 

ge 
Oo 
cry? 


_ : BL 20 
| (Vcr = 60 Vdc, Von = 3 Vdc) All Types 
Emitter Cutoff Current I 
(Von = 3 Vdc, I, = 0) All Types BBO 10 


Collector-Emitter Saturation Voltage* 
(Ic = 150 mAdc, I, = 15 mAdc) All Types 


(Ic. = 500 mAdc, In = 50 mAdc) All Types 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) All Types 


(Ic = 500 mAdc, I, = 50 mAdc) All Types 


° 
eo 


— 
OQ 


Vdc 


_— 
be 


: — 


B 


DC Forward Current Transfer Ratio h__* 

(Ic = 0.1 mAdc, Vag = 10 Vdc) 2N2218A, 2N2221A as 20 
2N2219A, 2N2222A 35 <— 
(ic = 1.0 mAdc, Vor = 10 Vdc) 2N2218A, 2N2221A 25 arn 
2N2219A, 2N2222A 50 — 
(ic = 10 mAdc, Vor = 10 Vdc) 2N2218A, 2N2221A 35 — 
2N2219A, 2N2222A 75 om 
(Ic = 10 mAdc, Vor = 10 Vdc, 2N2218A, 2N2221A 15 Dame 
T, = -55°C). 2N2219A, 2N2222A 35 —- 
(ic = 150 mAdc, Vog = 10 Vdc) 2N2218A, 2N2221A 40 120 
2N2219A, 2N2222A 100 300 
(Ic = 150 mAdc, Vog = 1. 0 Vdc) . 2N2218A, 2N2221A 20 — 
2N2219A, 2N2222A 50 — 
(Ic = 500 mAdc, Vor = 10 Vdc) 2N2218A, 2N2221A 25 — 
2N2219A, 2N2222A 40 = 

* Pulse Test <300 wsec, duty cycle <2% Vos - Base-Emitter Reverse Bias 


Smail Signal Characteristics 


Small Signal Current Gain : 
(I, = 1.0 mA, V,=10V, f =1 ke) 2N2218A, 2N2221A 
be 2N2219A, 2N2222A 


=10V, {=1kc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


(I, = 10 mA, V 


Cc 


Voltage Feedback Ratio 
Ml, = 1.0 mA, Ve =10V, f =1 ke) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


(I, = 10mA, Vo = 10V, f =1kc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


Input Impedance 
M, = 1.0 mA, V = 10V, f =1 kc) 2N2218A, 2N2221A 


2N2219A, 2N2222A 


= 10V, f= 1kc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


CB 


1S =10 mA, Voz 


Output Admittance 
(I, = 1.0 mA, V,=10V, { =1kc) 2N2218A, 2N2221A 


2N2219A, 2N2222A 


= 10V, f = 1 kc) 2N2218A, 2N2221A 
. 2N2219A, 2N2222A 


Cc 


(I, = 10 mA, Vo 
Collector-Base Time Constant 
(i, = 20 mA, Vor = 20 V, f = 31.8 mc) 


Noise Figure 


(I, = 1004 A, Vp = 10V, Rg =1kQ, f =1ke) 2N2219A, 2N2222A 


CE 
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Motorola High-Frequency Transistors 


2N2218A, 2N2219A, 2N2221A,, 2N2222A (continued) 


SMALL SIGNAL FORWARD CURRENT GAIN AND VOLTAGE FEEDBACK RATIO versus COLLECTOR CURRENT 
Wee 2210V @ 1 Ke) 


2N2218A, 2N2221A 2N2219A, 2N2222A 
Ss ae ee oe rT LO Ld Loot) *° 
Hit ee eas SER SHMIMACSEE ES 
ok 200 goes 20 
Bm cil . Seer NTE : 
Stitt ro SSSari Some eoeeas ae 
40 cae 4.0 .f 


8 i 8 ees ee Gees A es ee ee ee ee es © 2 eee eee 
O1 0.2 05 10 20 5.0 10 20 01 0.2 05 10 20 5.0 10.0 20 
ley COLLECTOR CURRENT (mAdc) ley COLLECTOR CURRENT (mAdc) 


SMALL SIGNAL INPUT IMPEDANCE AND OUTPUT CONDUCTANCE versus COLLECTOR CURRENT 


(Ve. . 10¥ @ 1 Ke) 
2N2218A, 2N2221A 2N2219A, 2N2222A 
0 ee ooo 100 20 
6.0 4 60 10 
oo STITH ion 40 PN 
z g 8 . Cl 8 
- Co SI Pn ee CO Ee é 
; PSC 2 of Cn Se 7 
. COCCI SEC TEI . = midi 
ae ce a oa ee mS em 10 -— 
es a a a a =e ee at 
0.6 =e Seti ot APS 6.0 06 SSeS ese ee 6 
0.4 es 40 0.4 4 
01 O02 O04 06 10 20 #44060 10 °20 0.1 0.2 0.5 1 2 5. 10 20 
le, COLLECTOR CURRENT (mAdc) le, COLLECTOR CURRENT (mAdc) 
1KC NOISE FIGURE versus SOURCE IMPEDANCE NOISE FIGURE versus FREQUENCY 


SHH peel 
ma T, = 25°C ai 
Nat Eee 
R, = 4.3KO 
= Si 


Al 
TNT 
Sama am iting al 
EL TTTING FF fie = 100 ua 7 | 


i 
CSCS, TY 7 so 
Se aa alll 


NTT Leet 
a — 
CTH 


) 
100 2 #4 641K 2 4 610K 2 £446 100K 100 
R,, SOURCE IMPEDANCE (ohms) 


Tar 


NF NOISE FIGURE (db) 
NF, NOISE FIGURE (db) 
w 


400 1 Ke 4 Kc 10 Ke 40 Ke 100Kc 
f, FREQUENCY (CPS) 
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Motorola High-Frequency Transistors 


2N2218A, 2N2219A, 2N2221A, 2N2222A (continued) 


r’, Ce COLLECTOR BASE TIME CONSTANT (psec) 


1.0 


0.8 


0.6 
le = 10mA 


0.4 


Vee wat) COLLECTOR-EMITTER 
SATURATION VOLTAGE (VOLTS) 


0.2 


0.1 


Ve iret) COLLECTOR-EMITTER 
SATURATION VOLTAGE (VOLTS) 


0.1 


CURRENT GAIN — BANDWIDTH PRODUCT and COLLECTOR 


le = 20 mA 


To ube an 
= 


SSS 


COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 


Io = 200mA 


HSS 


4.0 


(eee a wares, Ree! 
1.0 


40 


100 
Is, BASE CURRENT (mAdc) 


” 


2N2219A, 2N2222A 
T, == 25°C 


Lau 
mE 
iii eee ED 


10 40 100 
Is, BASE CURRENT (mAdc) 


STORAGE AND FALL TIME versus COLLECTOR CURRENT 


. BASE TIME CONSTANT versus COLLECTOR CURRENT 


12 
. Ie COLLECTOR CURRENT (mAdc) 


15 


18 


fr, CURRENT GAIN-BANDWIDTH PRODUCT (mc) 
TIME (nsec) 


2124 


Ig, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2n2220 


For Specifications, See 2N2217 Data Sheet 


2N2256 thru 2N2299 Vers =7V 


Ic = 100mA 


@ f; = 320 Mc 


NPN silicon and PNP germanium mesa complemen- 
CASE 22 tary transistors for high-speed non- saturated switching 
(TO-18) applications. 


MAXIMUM RATINGS 


2N2256 2N2258 
Characteristic Symbol 2N2257 2N2259 Unit 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 
DC Collector Current 
Storage Temperature 65 to +175 65 to +100 


Junction Temperature +175 +100 
Device Dissipation at 25°C Case 1000 
Derating factor above 25°C 6.67 


Device Dissipation at 25°C Ambient 300 
Derating factor above 25°C 2 


TRANSISTOR SELECTION CHART 


2N2256 
2N2257 
2N2258 
2N2259 
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Motorola High-Frequency Transistors 


2N2256 thru 2N2259 (continued) 


ELECTRICAL CHARACTERISTICS 


(At 25°C unless otherwise noted) — All voltages and currents are magnitudes only ) 


Characteristic Smoot | wiaimum| Typical | Mariam | Unit 


Collector-Base Breakdown Voltage 
le = 100uAdc I; = 0 


Collector-Emitter Breakdown Voltage 
le = 100,,Adc Vee =0 


Emitter-Base Breakdown Voltage 
Ie = 100uAdc Ie = 0 


Collector Cutoff Current 
Ves = 6Vdc I, = 0 


Collector Cutoff Current 
Veg = 6Vde 1, =0 T, = 65°C ALL TYPES 


DC Forward Current Transfer Ratio 
lc = 10mAdc Vee = 1Vde 2N2256, 2N2258 
2N2257, 2N2259 

le = 25mAdc Vee = 1Vde 2N2256, 2N2258 
2N2257, 2N2259 


ALL TYPES 


ALL TYPES 


ALL TYPES 


ALL TYPES 


Base-Emitter Voltage 
le = 10mAdc Vee == 1Vde 2N2256, 2N2257 
2N2258, 2N2259 
Ic = 25mAdc Vee = 1Vde 2N2256, 2N2257 
2N2258, 2N2259 


Conduction Threshold 


Base-Emitter Voitage* 2N2256, 2N2257 
lc = 200uA Veg = 6V 2N2258, 2N2259 


Collector Output Capacitance 
Veg = SVdc te =O f= 4mc2N2256, 2N2257 
2N2258, 2N2259 


Current-Gain — Bandwidth Product fr 
Vee = 1V, le = 10 mA 2N2258, 2N2259 (Ge) 
Vee =15V, Ice = 10mA 2N2256, 2N2257 (Si) 
Turncon'Ti | 
peers 2N2256, 2N2257 py me 
2N2258, 2N2259 8 
Turn-off Ti 
foes 2N2256, 2N2257 7 
2N2258, 2N2259 7 


[Base Resistance 
Veg = 2V Ie = 5mA_ f = 300mc 2N2256, 2N2257 50 100 | chms 
2N2258, 2N2259 75 125 


*Base to emitter forward bias voltage at which transistor will be at the threshold of conduction; i.e. that base to 
emitter voltage at which the collector current is less than or equal to the specified amount under a given 
collector to emitter voltage condition. 
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Motorola High-Frequency Transistors 


2N2256 thru 2N2259 (continued) 


t., ty < 1 NSEC 
R; = 500 


ov 1002 
me 


3-1500 
RESISTORS 
INA “Y" 
CONFIGURATION 


NPN SWITCHING TIME TEST CIRCUIT 


PNP-2N2258 —-NPN-2N2256 


CASCADE COMPLEMENTARY 


GATE 


STATIC CHARACTERISTICS 


Ves - 
2s'c. 3,-65°C 
UNLESS NOTED 


hee, CURRENT GAIN 


en ae 
i 
ee) | 
oe a 
ee os 

aes 
as. 


5 10 


Ie » COLLECTOR CURRENT (mA) 


CURRENT GAIN CHARACTERISTICS 


ome ee TYPICAL CURVE « 25°C 10 65°C 
ome wm me TYPICAL CURVE o« 0°C 


+3V 


t,, ty < 1 NSEC 


T Suf R, = 509 


OSCILLOSCOPE 


' 2V 
(t, < 0.7 NSEC) + 1009 
Pam i ee GROUND 


502 


3-1502 
—1V RESISTORS 
IN A yr 
CONFIGURATION 


“AND” /“OR” GATES 


mre mmm TYPICAL CURVE 
LIMIT CURVE 


2N2257 
2N2259 


fr, GAIN — BANDWIDTH PRODUCT (mcs) 


LIMIT CURVE 


20 30 40 50 5 7 10 
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OSCILLOSCOPE 
'5.2K (t, < 0.7 NSEC) 


PNP SWITCHING TIME TEST CIRCUIT 


INVERTER 
-18 -3 


CURRENT MODE INVERTER FOR 
USE WITH DIODE LOGIC 
PROPAGATION DELAY TIME 10nSec. 


DYNAMIC CHARACTERISTICS 


15 20 35 50 


le, COLLECTOR CURRENT (mA) 


GAIN-BANDWIDTH PRODUCT CHARACTERISTICS 


Motorola High-Frequency Transistors 


2n2303 For Specifications, See 2N722 Data Sheet 


2N2330 | ene 
2n2 331 Vecisat) es a 
@ 


NPN silicon annular Star transistors for low-level 
DC/AC chopper applications. — 


2N2330 2N2331 
| (T0-5) (TO-18) 


CASE 22 CASE 31 
(TO-18) (TO-5)_. 


MAXIMUM RATINGS 


Characteristic 


Total Device Dissipation 
at 25°C Case Temperature 
Derating Factor Above 25°C 


1.8 Watts 
12 mW/°C 


Total Device Dissipation 
at 25°C Ambient Temperature 
Derating Factor Above 25°C 


Junction Temperature —65 to +175 | 
Storage Temperature — 65 to +300 
8 


INVER URATION VOLTAGE 2 ls = 500 uA 
SE ap ie N VOL AV, F 
Z| A 


EMITTER CURRENT 


Vecisary INVERSE SATURATION VOLTAGE (mv) 


20 40 60 100 200 400 600 1000 
I, EMITTER CURRENT (uA) 
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Motorola High-Frequency Transistors 
2N2330, 2N2331 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted ) 


Co'lector Cutoff Current lego 0.1 1.0 nAdc 
(\ =3 45 Vdc, le — 0) 
Collector-Base Breakdown Voltage BVcao 30 Vdc 
vollector-Emitter Breakdown Voltage BVcro 20 | 30 Vac 
(I¢ == 1.0 mAdc, |, = 0) 
Emitter-Base Breakdown Voltage BVeeo 5 Vde 
(le = 10 Adc, I_ = 0) 
Forward Current Transfer Ratio hee 50 
(le = 10 mAdc, Veg = 1 Vde) 
Offset Voltage Viott) 0.3 0.75 | mVdc 
(Ils = 200 ,Adc. I, = 0) 
Inverse Saturation Voltage Vecysat) 1.0 3.0 mVdc 
(lg = 200 wAdc, Ie = 50 pAdc) 
Offset Current 0.1 |. 1 nAdc 
(Vsc = 2.0 Vde, Veg = 0, Ty = 25°C) 
Offset Current 1 10 nAdc 
(Vac = 2.0 Vdc, Vee = 0, T, = 85°C) 
Collector Capacitance Cob 7 10 pf 
(Ves — 2 Vdc, le — 0) 
Common Base Input a ea 15 20 pf 
(Veg = _ 2 Vdc, c= 
Small Signal Forward Current Transfer Ratio 135 
(lc = 1 mAdc, Veg = 1 Vde, f = 100 mc) 


OFFSET VOLTAGE ; INVERSE 
versus SATURATION 
BASE CURRENT CHARACTERISTICS 


re a A Pe 
[NS ce a 0 ey "a 
TAC eT 


LVLAT 24 lp = 50 Adc 
7 


> 


80 


lp = 100 ,Adc 
|, =: 150 pAdc 
lp = 200 ,Adc 
ln = 500 wAdc 


Vosr, OFFSET VOLTAGE (mV) 
le EMITTER CURRENT (Adc) 


20 40 ~=60 100 200 400 600 1000 


Vec, EMITTER-COLLECTOR VOLTAGE (mVdc) 


1,, BASE OFF-DRIVE CURRENT (,,A) 
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Motorola High-Frequency Transistors 


Vceo = 15-20 V 
f; = 600 Mc Typ 


2N2369 


2N3227 


@ NPN silicon annular transistors for low-current, 
high-speed switching applications, 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristics 


Collector-Base Voltage 


Total Device Dissipation’ 
@ 25°C Ambient Temperature 
Derating Factor Above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 
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Motorola High-Frequency Transistors 


2N2369, 2N3227 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted ) 


Characteristics 


Collector Cutoff Current 
(VcB = 20 Vdc) 2N2369 
2N3227 


(Vcp = 20 Vde, Ta = 150°C) 2N2369 
e : 2N3227 


Collector Cutoff Current 
(V "ee 20 Vdc, Vos = 3 Vdc) 2N3227 


Base Cutoff Current 
(V E = 20 Vdc, Vop = 3 Vdc) 2N3227 


Collector-Base Breakdown Voltage 
(Ic = 10u Adc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ip = 10u Adc, Ic = 0) 2N2369 
2N3227 


Collector-Emitter Breakdown Voltage * 
(Io = 10 mAdc) 2N2369 
2N3227 


Collector-Emitter Voltage 
(Ic = 10u Adc, Ip = 0) 


Collector-Emitter Saturation Voltage * 
(Ic = 10 mAdc, Ip = 1 mAdc) Both Types 
(Ic = 100 mAdc, Ip = 10 mAdc) 2N3227 


Base-Emitter Saturation Voltage * 
(Ic = 10 mAdc, I, = 1 mAdc) Both Types 
(Ic = 100 mAdc, Ip = 10 mAdc) 2N3227 


DC Current Gain* 
(Ic = 10 mAdc, VcE 1.0 Vdc) 2N2369 
2N3227 


10 mAdc, Vcg = 1.0 Vde, Ta = -55°C) 2N2369 
2N3227 


100 mAdc, Vcr = 1.0 Vdc) 2N3227 
100 mAdc, Vcr 2 Vdc) 2N2369 


Small Signal Current Gain 
(I. = 10 mAdc, Vcr = 10 Vdc, f = 100 mc) 


Output Capacitance 
(Vop = 5 Vde, Ip = 0,f = 140 kc) 
Input Capacitance 
(Vop = 1 Vdc, Ic = 0,f = 140 kc) 2N3227 


Storage Time 
(I¢ = Ip, = Ipo = 10 mA) 


fa) 


QO 
? 
= by 


Turn-On Time 
(Ic = 10 mA, Ipi = 3mA, 


Vcc ae V, Vos = 1.5 V) 


Turn-Off Time 
10 mA, Ip, = 3 mA, 


= 155 mA, Vcc = 3 Vv) 


Total Control Charge 
(Ic = 10 mA, Ip = 1 mA, Vcc = 3 V) 2N3227 
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Motorola High-Frequency Transistors 


2N2369, 2N3227 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristics 


2 V, 


Vcc =10V, Voz 


Delay Time 


tee 
N 
N 
ae) 
Z 
) 


10 mA 


100 mA, ip, 


Ic = 


Rise Time 


= 10V 
Ic = 100 mA, 


Vcc 


Storage Time 


= 10 mA 


Ip1 = Ip 


Fall Time 


2% . 


a 


PW - 300 psec, Duty Cycle 


*Pulse Test: 


MINIMUM CURRENT GAIN CHARACTERISTICS 


T, = 25°C and 75°C 


a Aaa 


iia 
aff | 


aa NAAN, 


Nive LNIYYN 9G WNWINIW 744 


Ic, COLLECTOR CURRENT (mA) 


TYPICAL SWITCHING TIMES 


a 

a 
XT 
ON 
N 
NN) 


SATURATION VOLTAGE LIMITS 


=3V) 


t. (Vee 


AN 


P| a 
as De Oa a ‘|e 2 
PPT ry” 


STC TT. 
“COO 


- = a a S S 


(SLIOA) JOVLIOA NOILVUNLYS ‘YA 


COLLECTOR CURRENT (mA) 


le, 


COLLECTOR CURRENT (mA) 


le, 
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Motorola High-Frequency Transistors 


Vero = 15-20 V 
2N236 | ean 


2N2G02 f;, = 300 Mc 


PNP germanium epitaxial mesatransistors for high- 
speed, high-current switching applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


ce Rating 
Characteristic Symbol 2N2381 2N2382 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current (Continuous) 
Junction Temperature 
Storage Temperature — 65 to +100 


Device Dissipation @ 25°C Case Temper- 750 
ature (Derate 10 mW/°C above 25°C) 


Device Dissipation @ 25°C Ambient 300 
(Derate 4 mW/°C) 


NORMALIZED CURRENT GAIN CHARACTERISTICS 


: tithes [T 


aes 
Lr || 


ACTIVE REGION TIME CONSTANT 


PSS me 


10 50 70 100 500 10 30 50 70 100 300 500 
le contetion CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 


0.3 


oN 
NTN 


| NINE 
aac 


ta, ACTIVE REGION TIME CONSTANT (nsec) 
rm 


COLLECTOR-EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 


Vee, COLLECTOR VOLTAGE (VOLTS) 


ae 
SS Ic =50mA 
Bt a teed 


0.5 0.7 1.0 30 5.0 7.0 10 30 = 550 
1,, BASE CURRENT (mAdc) 


—— Motorola High-Frequency Transistors 


2N2381, 2N2382 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(Ic - 100 Adc, Ip = 0) 

2N2381 

2N2382 


Collector-Emitter Breakdown wOnage 
(Ic = 10 mAdc, Ip = 0) 
2N2381 
2N2382 


Latch-Up Voltage 


2N2381 
2N2382 


Collector-Emitter Leakage Current 
(VcE : 30, Veep =: 0) 2N2381 
(VCE - 45, Vpp= 0) 2N2382 


Emitter-Base Leakage Current 
(VER : 0.5 Vdc, Ic = 0) 
(Veep - 4 Vde, Io = 0) 
Collector Cutoff Current 
(Voz = § Vdc, Ip = 0) Both Types 
cB = iy E ane. = 85°C) Both Types 
= Cc, = 
cB. z 2N2381 
2N2382 
DC Forward Current Transfer Ratio 


(Iq = 200 mAdc, Vog = 0.5 Vdc) 
(Ic = 400 mAdc, Vor = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 200 mAdc, Ip = 20 mAdc) 0.4 
{Ic = 400 mAdc, Ip = 40 mAdc) 0.7 
Base-Emitter Voltage VBE 
(I, = 200 mAdc, Ip = 20 mAdc) 0.541 0.7 
lig = = 400 mAdc, Ip 40 mAdc) 0.711 0.9 
Output Capacitance 
(Voz = 10 Vde, Ip = 0, f = 4 mc) 


Input Capacitance 
(VER = 1 Vde, Ic = 0, f = 4 mc) 


Current-Gain — Bandwidth Product mas Gases 
(Vcr = 10 Vde, Ic = 20 mAdc, f = 100 mc) 
a OE WOE C2 OC 
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Motorola High-Frequency Transistors 


2n248 1 Vero = 15V 


f; = 450 Mc Typ 


@ NPN silicon annular transistor for high-speed switch- 
\ ing applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 
Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage 


Total Device Dissipation 
@ 25°C Ambient Temperature 


(Derate 2.06 mw/°C above 25°C) 


Total Device Dissipation 
@ 25°C Case Temperature 
(Derate 6.9 mW/°C above 25°C) 


Junction Temperature 


Storage Temperature 


MINIMUM CURRENT GAIN CHARACTERISTICS 


eiriee 
PHF TT 


hee, MINIMUM CURRENT GAIN 


~ 
i 


tt 


ime 
7.0 Het BS 
1 


0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
Ic, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N2481 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


CHARACTERISTIC symBoL | MIN | MAX | UNIT 
Collector-Base Breakdown Voltage BVcRO Vdc 
(Ic = 10 pp Adc, Ip = 0) : 
Emitter-Base Breakdown Voltage BVeBO Vdc 
(Ip = 100 pAdc, Ic = 0) 
Collector-Emitter Breakdown Voltage* BVCEO Vdc 
(Ic = 30 mAdc, Ip = 0) 15 
Collector-Emitter Breakdown Voltage BVcrs 
(Ic = 1.0 Adc, VBE = 0) 
Collector Leakage Current 


(Vcr = 20 Vde, Veg = 3 Vdc) 
(Vcr = 20 Vdc, Vpp = 3 Vde, Ta = 150°C) 


Base Leakage Current 
(Vcr = 20 Vdc, VBE = 3 Vdc) 


Emitter Cutoff Current 
(VER = 4.0 Vdc, Io = 0) 


DC Forward Current Transfer Ratio 


(Ic = 1.0 mAdc, Vopr = 1.0 Vdc) 

(Ic = 10 mAdc, VcR = 1.0 Vdc)* 

(Ic = 10 mAdc, Vcr = 1.0 Vde, Ta = -559C)* 
(Ic = 150 mAdc, Veg = 1.0 Vdc)* 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 100 mAdc, Ip = 10 mAdc)* 


VCE (sat) 


WoW 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 100 mAdc, Ip = 10 mAdc)* 


VBE (sat) 


Output Capacitance 
(Vop = 5V,Ic= 0,f = 1 Mc) 


| Input Capacitance 
(VER = 0.5 V, f=1 Mc) 


Small-Signal Forward Current Transfer Ratio 
(Vor = 10V, Ia = 10 mA, f = 100 Mc) 


Small-Signal, Short-Circuit, Input Impedance 
(Real part) | 
(Ic = 10 mA, Vog = 10V,f = 250 Mc) 


: - dae! ~ 
ton nsec 
40 
75 
ee ee ee 


Turn-On Time 
(I¢ = 100 mA, MBI 10 mA, BE (off) = -2 V) 


Turn-Off Time 
(ee 10 mA, In 2 1.0 mA, Ipo = -0.5 mA) 


Storage Time 
(Ic = 10 mA, Ipy = 10 mA, Ipg = -10 mA) 


*Pulse width = 300 usec, Duty Cycle = 2% 
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Motorola High-Frequency Transistors 


2N2481 (Continued) 


TURN-ON TIME VARIATIONS WITH VOLTAGE LIMITS OF SATURATION VOLTAGES 


TIME (nsec) 


<= 


al 2 
Visas), SATURATION VOLTAGE (Vdc) 


— 
SS 


att rT A ee 
na 
ana PEt qT | rr | | 
0 0 30 50 a 10 20.30 50 70 100 200 HT MAX Vee; nitinn 
Ic, COLLECTOR CURRENT (mA) > 


1.0 20 30 50 7.0 10 50 70 100 200 


Ic, COLLECTOR CURRENT (mA) 


FALL TIME BEHAVIOR STORAGE TIME BEHAVIOR 
1000 pgp 50 
. Ss SO ARAN NO SD Vee = 10 Vde 
Be. SO ee ee 
500; Set Ty = 25°C 
SG Ty) = 125°¢ 
be i BE J a 
moot ee TT 3 
ee et a 2 
2 100 | | | NUN 2 a q 
‘=== =~, a LN mult Cee iee 
= gga a PSN 
EERE LLORAS HTH 
3 eae e + 16 NSS ie accel 
20 Ma Nt SR 
ei CTS 
eR TOC TT ASCE 7.0 
a Pe eet St Laer 
‘Saas ED De ey eee 
PY) ee SS 5.0 LL 
1.0 2.0 3.0 50 70 10 20 «30 50 70 100 200 1.0 20 3.0 5.0 7.0 10 20 30 50 70 100 200 


Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 


as ee ee ae a 
iti Se Se ee 


| Io = 20 mAdc P Io = 50 mAdc to = 100 mAdc 


Ve, MAXIMUM COLLECTOR-EMITTER VOLTAGE (Vdc) 
Qo 
c2) 


a 
‘“S 


Is, BASE CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


Vero =20V 
on250] f; = 450 McTyp 
@ : NPN silicon annular transistor for high-speed switch- 


ing applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Rating 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Total Device Dissipation @ 
25°C Ambient Temperature 0.36 
(Derate 2.06 mW/ C above 25’C) 


Junction Temperature +200 
Storage Temperature -65 to 4200 
Total Device Dissipation @ 


25°C Case Temperature 
(Derate 6.9 mW/‘C above 25°C) 


TOTAL CONTROL CHARGE NORMALIZED CURRENT GAIN CHARACTERISTICS 


is 
lt | ee TT PS 
ee | ea 
of ppt 
of ae Se ee 
Py es a Oe 
0.1 10 


1 1 100 
tg, BASE CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 


Q;, TOTAL CONTROL CHARGE (PICO-COULOMBS) 
hee, NORMALIZED DC CURRENT GAIN 
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Motorola High-Frequency Transistors 


2N2501 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(Ic = 10 pAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 30 mAdc, Ip = 0, Pulsed) 


Emitter-Base Breakdown Voltage 
(Ip = 10 Adc, Ic = 0) 


Collector Leakage Current 
(VoRg = 20 Vde, VaR = -3 Vdc) 


Base Leakage Current 
(Vor = 20 Vdc, VBE = <3 Vdc) 
(VoR = 20 Vde, VpR = -3 Vdc, Ta = 150°C) 


DC Forward Current Transfer Ratio* 
(Ic = 100 Adc, VcoR = 1 Vde) 

(Ic = 1 mAdc, Veg = 1 Vdc) 

(Ic = 10 mAdc, VoR = 1 Vdc) 

(Ic = 10 mAdc, Vog = 1 Vde, Ta, = -55°C) 
(Ic = = 50 mAdc, VcE =] Vdc) 
(Ic = 100 mAdc, Vcr = 1 Vdc) 
(Ig = = 500 mAdc, Vor = 5 Vdc) 


Collector-Emitter Saturation Voltage* 
(Iq = 10 mAdc, Ip = 1 mAdc) 
(I¢ = 50 mAdc, Ip =5 mAdc) 
(Ic = 100 mAdc, Ip = 10 mAdc) 
Base-Emitter Saturation Voltage* 
(Ic = 10 mAdc, Ip = 1 mAdc) 
Ie = 50 mAdc, Ip = =5 mAdc) 
(ic = = i006 mAdc, Ip. = iG mAdc) 


Output Capacitance 
(Voz = 10 Vdc, Ip = 0, f = 100 ke) 


Input Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 100 kc) 


Small Signal Forward Current Transfer Ratio 
(Vcr = 20 Vdc, Ic = 10 mAdc, f= = 100 me) 


Current-Gain-Bandwidth Product 
(Vor = 20 Vdc, Ic = 10 mAdc) 


Charge Stores Time Constant = 
Total Control Charge pico- 

(Ic = 10 mAdc, I, = 1 mAdc) ; coulombs 
Active Region Time Constant TK nsec 

(Io = = 10 mAdc) . 2.5 


*Pulse Test: Pulse width = 300 psec, duty cycle £ 2% 


oth 


COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 


lo /I, = 10 

T, = 25°C 
USE 
ots Ban ' 


0.7 


0.6 


0.5 


0.4 


0.3 


Vee, COLLECTOR VOLTAGE (VOLTS) 


La ae | 
aa ae ao 
P| Ui ri TA 


0.01 1 100 
le, BASE CURRENT ae 


0.2 


0.1 
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Motorola High-Frequency Transistors 


Vero =30V 
f; = 400 Mc Typ 


2N2537 thru 2N2540 


NPN silicon annular Star transistors for high-speed 
switching. 


\. 
\ 


CASE 22 \ 


CASE 31 \\ 

(TO-18) (To-5) \\ 
2N2539 2N2537 
2N2540 2N2538 


MAXIMUM RATINGS 


Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Total Device Dissipation 

25°C Case Temperature 
Derate above 25°C 17.2 
Total Device Dissipation 

25°C Ambient Temperature 0.8 
Derate above 25°C 4.57 
Junction Temperature -65 to +200 


Storage Temperature -65 to +300 


Collector Cutoff Current 
(Vop = 40 Vdc, Ip = 0) ; 
(Vop = 40 Vde, Ip = 0, Ta = 150°C) 
Emitter Cutoff Current 
(Vp = 3 Vde, Ic = 0) 
Collector Cutoff Current 
(Vpg = 0.2 Vde, Voge = 20 Vdc) 
Base Cutoff Current 
(Ver = 0.2 Vdc, V op = 20 Vdc) 
(VpRE = 0.2 Vde, Vog = 20 Vdc, Ta = 150°C) 
Collector-Base Breakdown Voltage 
(Ic = 10 pAde, Ip = 0) 
Coliector-Emitter Breakdown Voltage 
(Ig = 100 mAdc, pulsed, Tp = 0) 
Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, pulsed, Ree = 10 2) 
Emitter-Base Breakdown Voltage 
dg = 10 pAdc, Ig = 0) 


Collector Saturation Voltage * 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(ig = 500 mAdc, Ip = 50 mAdc) 


Base-Emitter Saturation Voltage 
(Iq = 150 mAdc, Ip = 15 mAdc)* 
(Ic = 500 mAdc, Ip = 50 mAdc) 


DC Forward Current Transfer Ratio 


(ig = 1 mAdc, Vog = 10 Vdc) 2N2537, 2N2539 - 
2N2538, 2N2540 - 
(Ic = 10 mAdc, Vog = 10 Vde) 2N2537, 2N2539 - 
2N2538, 2N2540 - 
(Ig = 150 mAdc, Vog = 10 Vdc)* 2N2537, 2N2539 150 
2N2538, 2N2540 300 
(ic = 500 mAdc, Vog = 10 Vde)* 2N2537, 2N2539 - 


2N2538, 2N2540 


Output Capacitance 
(Vop = 10 Vde, Ig = 0, f = 100 ke) 


Input Capacitance 
(Vep = 0.5 Vde, Ic = 0, f = 100 ke) 


Small Signal Forward Current Transfer Ratio 
(Vor = 20 Vdc, Iq = 20 mAdc, f = 100 mc) 


“Pulse Test: Pulse width = 300 usec, duty cycle S 2% 
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Motorola High-Frequency Transistors 


Veco = 10 V 


2n2630 Ic = 100 mA 


‘ PNP germanium mesa transistor for high-speed 
Switching applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


a 
[aera Le 
[ascaiervarnst | ee 


D. C. COLLECTOR CURRENT 


STORAGE TEMPERATURE RANGE 
DEVICE DISSIPATION @25°C CASE TEMPERATURE 
LINEAR DERATING FACTOR 4 mW/°C 


-65 to +100 


Tqs 1 Tqs 2 
RC = 750 2 RC = 189 2 
RB = 3.3K RB=1.1K 
C = 104 pf C = 440 pf 
IC =20 mA IC =80 mA 
IB = 1.5 mA IB =4.5 mA 


GENERATOR RISE AND FALL TIME < 10 nSec 
OUTPUT INDICATOR RISE TIME < 4. 0 nSec 
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—— Motorola High-Frequency Transistors ———— 


2N2630 (Continued) 


ELECTRICAL CHARACTERISTICS 


COLLECTOR-BASE 
CUTOFF CURRENT 


COLLECTOR-BASE 
BREAKDOWN VOLTAGE 


EMITTER-BASE 
BREAKDOWN VOLTAGE 


< 
2. 
ro) 


COLLECTOR-EMITTER 


<i 
Q. 
OQ 


LATCH-UP VOLTAGE 


COLLECTOR-EMITTER CE (sat) 
SATURATION VOLTAGE Be 


BASE-EMITTER 
VOLTAGE 


FORWARD CURRENT 
TRANSFER RATIO 


INPUT CAPACITANCE ia 
SMALL SIGNAL 
FORWARD CURRENT 


TURN OFF TIME off 
TURN OFF TIME 


I 
B 
B 
B 
L 
Vv 
OUTPUT CAPACITANCE 7 


CBO 
VoBo 
VEBO 
VcEO 
VCER 
VBE 
Deg 
Cab 
Cir 
Dee 

i as 
t 


8-116 


2n2635 
@ 


CASE 22 
(TO-18) 


MAXIMUM RATINGS (at Ta = 25°C unless otherwise noted) 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current (Continuous) 
Junction Temperature 

Storage Temperature 

Device Dissipation @ 25°C 


Ambient Temperature 
(Derate 2mW/°C above 25°C) 


SWITCHING TIME TEST CIRCUIT 


INPUT WAVEFORM: +1.25V 5KQ 
t, = ty = 1 nsec = = 7 O AAA 
PW = 0.5 nsec 


DUTY CYCLE = 50% 
—5.4V 
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Motorola High-Frequency Transistors 


Vcro = 15V 
f; = 150 Me 


PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 


Rating 
30 
15 
2.5 
100 


+100 


-65 to+100 


150 


SCOPE 

t, = 3.5nsec 
Rwy == 100 KQ 
Cw <= 3pf 


{ 
—l 
C, = 6pf 
“T (inctudes ¢,,.) 
| 
| 
| 


Motorola High-Frequency Transistors 


2N2635 (Continued) 


ELECTRICAL CHARACTERISTICS (at Ta = 25°C unless otherwise noted) 


Chaat [symiot | win | to | war font 
Collector-Base Breakdown Voltage BVcRo Sonne 


(Ic = 100 u Adc, Ip = 0) 

Collector-Emitter Breakdown Voltage Vo EO Vdc 
(Ic = 2 mAdc, Ip = 0) 

inal pe Adc 

(VoRB 25V, Ip = 0) 

(VcB = 25V, Ip = 0, Ta = +55°C) 

Emitter-Base Cutoff Current Adc 
(VeB = 1V, Ic = 0) 


Dre 
10 mA, Vcg = 0.5V) 
90 mA, Vcr = 1V) 
50 mA, VCE = ; = 
100 mA, Vog = 1V) 


Emitter-Base Breakdown Voltage 
(Ip = 100 uw Adc, Ia = 0) 


Collector-Base Cutoff Current 


Vdc 
= 10 mA, Ip = 0.5 mA) 
50 mA, Ip = 2.5 mA) 
50 mA, Ip = 2.5 mA, Ta = -55°C) 
100 mA, Ip = 10 mA) 
Collector-Emitter Saturation Voltage Vdc 


(Ic = 10 mA, Ip = 0.5 mA) 


(IG = 50 mA, Ip = 2.5 mA) 
(Ic = 50 mA, Ip = 2.5 mA, Ta = +55°C) 
(Ic = 100 mA, I, = 10 mA) 


B 


Small-Signal Forward Current Transfer Ratio | Hee| 
(Ic = 30 mA, Vcr = 2V,f = 100 mc) 


Collector Output Capacitance | Cob 
(VcB = 9 V,Ip = 0,f = 1 mc) 
Input ae Cib 


Delay Time 


Rise Time 


Storage Time 


Fall Time 
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2n2600 
2n2801 


2N2837 
2N2838 


@ 


Motorola High-Frequency Transistors 


Verto = 35 V 
Ic = 800 mA 
Cyl cam 


PNP silicon annular transistors for medium-speed 


\ switching applications. 


CASE 22 
(TO-18) 


CASE 31 
(TO-5) 


2N2837 
2N2838 


2N2800 
2N2801 


MAXIMUM RATINGS 


Characteristic | 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current 


Total Device Dissipation 
@ 25°C Ambient Temperature 
2N2800, 2N2801 — TO-5 
Derating-Factor Above 25°C 


2N2837, 2N2838 — TO-18 
Derating Factor Above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature 
2N2800, 2N2801 — TO-5 
Derating Factor Above 25°C 


2N2837, 2N2838 — TO-18 
Derating Factor Above 25°C 


Junction Temperature, Operating 


Storage Temperature 


DELAY AND RISE TIME TEST CIRCU!T 


+10V 
O 


%, 


+15V 
) 


INPUT 

Zo = 502 

PRF = 150 PPS 
RISE TIME = 2 nsec 


Z,,= 10MQ 


TO OSCILLOSCOPE 
RISE TIME < 5 nsec 


Maximum 


17.3 


1.8 
10.3 


TIT 


+200 


-65 to +300 


STORAGE AND FALL TIME TEST CIRCUIT 


INPUT +10V 
Zo = 509 
PRF = 150 PPS 


RISE TIME = 2 nsec 


ae 


+18.9V 


TO OSCILLOSCOPE 
RISE TIME <= 5 nsec 
Z,, = 10MO 
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Motorola High-Frequency Transistors 


2N2800, 2N2801 ,2N2837, 2N2838 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


“Characteristic 


Collector-Base Breakdown Voltage 
(Io = 10 pAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 7 
(Ip = 100 pAdc, Io = 0) 


Collector-Emitter Breakdown Voltage 
(Iq = 100 mAdc, I, = 0) 


Collector Cutoff Current 
(Vor = 25 Vdc, Var" 0.5 Vdc) 


Base Cutoff Current 


(Vop = 25 Vde, Vi, = 0.5 Vdc) 


DC Forward Current Transfer Ratio 
(Io = 0.1 mAdc, Vor= = 10 Vdc) 

2N2800, 2N2837 

2N2801 , 2N2838 


= 150 mAdc, VQ, = 10 Vdc)* 


2N2800. 2N2837 
2N2801 , 2N2838 


(I, 


= = * 
150 mAdc, Vor 1 Vdc) 


2N2800, 2N2837 
2N2801, 2N2838 


(Ig 


= 500 mAdc, VQ, = 10 Vdc)* 


2N2800, 2N2837 
2N2801, 2N2838 


(Iq 


Collector Saturation Voltage 


(I, = 150 mAde, I, = 15 mAdc) “cE(sat) 
(Ig = 500 mAdc, I, = 50 mAdc) 

Base-Emitter Saturation Voltage Vv 
(I, = 150 mAdc, I, = 15 mAdc) BE(sat) 
(Io = 500 mAdc, I, = 50 mAdc) 

Output Capacitance Cob 


(Yop = 10 Vdc, f= 100kc) 


Current-Gain — Bandwidth Product 
(Iq = 50 mAdc, Vor = 10Vdc, f = 100 mc) 


Characteristic 


es 


Fall Time 


*Pulse Test: Pulse Width £ 300 usec, -guty eyes S$ 2% 
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Motorola High-Frequency Transistors 


2N20a2 Vee = 50-100¥ 


2N2004 Pp = 85 W 


PNP germanium transistors for switching and am- 
plifier applications. 


CASE 3 
(TO-3) 


MAXIMUM RATINGS 


[~“Charactisie | Symbol | 2wzem __67a04 
Vv 


Collector-Base Voltage 


ce 


Collector-Emitter Voltage 


hee, CURRENT GAIN 
t,, STORAGE TIME (usec) 


Ic, COLLECTOR CURRENT (AMPS) 


CURRENT GAIN BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 


f,, CURRENT GAIN-BANDWIDTH PRODUCT (Mc) 
et ae e cee ohen eg 
i Ges Sa a 


0.1 0.2 04 06 08 1 3 5 
Ic, COLLECTOR CURRENT (Adc) 
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Motorola High-Frequency Transistors 


2N2832, 2N2834 (Continued) 


ELECTR ICAL CHARACTERISTICS (at Tc = 25°C unless otherwise noted) 


Collector-Base Cutoff Current* 
(Vop = 2V, Ig = 0) 
(Vop = 80V, Ip = 0) 
(Vop = 140V, Ip = 0) 


Collector-Emitter Current* 
(Veg = 100V, Vag = 0) 


(Veg = 160V, VBE = 0) 2N2834 


Coliector-Emitter Cutoff Current** 
(Vog = SOV, Vpg = 0.2V, To = +85°C) 


(Vop x 100V, VBE = 0.2V, To z +85°C) 


Emitter-Base Breakdown Voltage 
(Ig = 50mAdc, Io = 0) 


Collector-Emitter Breakdown Voltage** BVCEO(sus) 
(Ig = 100 mA, I, = 0) 2N2832 
2N2834 


VEBO 
ee 


Emitter Floating Potential* VEBF* 
(Vop = 80V, Ip = 0) 2N2832 
(VcB = 140V, Ip = 0) : 2N2834 
DC Current Transfer Ratio 
(Ig =1.0A, Vop = 2V) 
(ic = 10A, Vop = 2V) 


Collector-Emitter Saturation Voltage 

(Ig = 1.0 Adc, Ip = 100 mAdc) 

(Ig = 10 Adc, Ip = 1.0 Adc) 

(Ic = 20 Adc, Ip = 2.0 Adc) 
Base-Emitter Saturation Voltage 

(Ic = 1A, Ig = 100mAdc) 

(I, = 10A, Ip = 1Adc) 

(IG = 204A, Ip = 2 Adc) 


Small Signal Current Gain 
(Ig = 1.0A, Vog = 10V,f = Sme) 


Rise Time 


Storage Time 
Fall Time 


* SWEEP TEST: 1/2 Sine Wave, 60 cps min 
** PULSE TEST: PW = 1 msec, 2% Duty Cycle 


SWITCHING TIME TEST CIRCUIT 


0 — 20V 


ADJUST R,, Ry, Ry, for te = Ter = O11 e 


PULSE CONDITIONS; ip = 5 AMP, |,, = 0.5 AMP 


Switching times shown are for constant current drive conditions. 
Faster times can be realized by the use of a lower source impedance 
or a speed-up capacitor. See Chapter 5 of the Motorola Switching 
Handbook for a more detailed explanation. 
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Motorola High-Frequency Transistors 


2nN2837 
2N2838 


For Specifications, See 2N2800 Data Sheet 


2N2904, A thru 2N2907, A Veo = 40-60 V 


2N3485, A, 2N3486, A Ic = 600 mA 
f, = 200 Mc 


PNP silicon annular Star transistors for high-speed 
switching, complementary circuitry and DC to VHF 
amplifier applications. 


CASE 31 CASE 22 CASE 26 
(TO-5)  (TO-18) — (TO-46) 


2N2904, A 2N2906, A 2N3485, A 
2N2905, A 2N2907, A 2N3486, A 


MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 


Collector-Base Voltage 


Collector-Emitter Voltage 
2N2904-2N2907, 2°°3485, 2N3486 
2N2904A-2N2907A, 2N3485A, 2N3486A 


Emitter-Base Voltage 
Collector Current 
Total Device Dissipation @ To = 25°C 


TO-5: 2N2904, 2N2904A, 2N2905, 2N2905A 
DERATING FACTOR 


TO-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
DERATING FACTOR 


TO-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 


Total Device Dissipation @ Ts 25°C 


TO-5: 2N2904, 2N2904A, 2N2905, 2N2905A 
DERATING FACTOR 


TO-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
TO-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 2. 28 


Operating Junction Temperature Range -65 to +200 


Storage Temperature Range -65 to +300 
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Motorola High-Frequency Transistors 


2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 
Characteristic | | Symbot | Min =| Max | Unit | 


Collector Cutoff Current MAdc 
(Voz = 50 Vdc, Ip = 0) 2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 


(Vop = 50 Vde, Ip = 0,T, = 150°C)  — 2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 


Collector Cutoff Current lorx nAdc 
(Vor = 30V, VBE = 0.5 V) 


Base Pmeconie osm Current 
Pmeconie osm = 30V, VBE = 0.5 V) 


Collector-Base Breakdown Voltage BVcBO Vde 
(Ic =10 Adc, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
(Ig = 10 mAdc, Ip = 0) 2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 


Emitter-Base Breakdown Voltage BVEBO Vdc 
(Ip = 10 Adc, Ic = 0) 

Collector Saturation Voltage* VcE(sat)” Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ip = 50 mAdc) 

Base-Emitter Saturation Voltage | VBE(sat)” 


(Ig = 150 mAde, Ip = 15 mAdc)* 
hpe 


(Ic = 500 mAdc, = 50 mAdc) 


DC Forward Current Transfer Ratio 
(Ic = 0.1 mAdc, Vcg = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


(I¢ = 1.0 mAdc, Vopr = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 

(I = 10 mAdc, Vp = 10 Vdc) 2N2904, 2N2906, 2N3485 

2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


(Ig = 150 mAdc, Vcr = 10Vdc)* 2N2904, 2N2904A, 2N2906, 2N2906A, 2N3485, 2N3485A 
2N2905, 2N2905A, 2N2907, 2N2907A, 2N3486, 2N3486A 


(Ic = 500 mAdc, Vog = 10 Vdc)* 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


Input Capacitance 
(Ver = 2 Vde, fo = 0, f = 100 ke) 


Current-Gain — Bandwidth Product 
(I, = 50 mAdc, Vcr = 20 Vdc, f = 100 mc) 


*Pulse Test: Pulse Width = 300 usec, duty cycle £ 2% 


SATURATED TURN-ON SATURATED TURN-OFF 
SWITCHING-TIME TEST CIRCUIT SWITCHING TIME TEST CIRCUIT NON-SATURATED SWITCHING-TIME TEST CIRCUIT 


—30V 


200 2 


ees 
— 


PW < 200 nsec PW — 15 nsec 


Motorola High-Frequency Transistors 


2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 


SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 


Delay Time 


Rise Time 


Turn-On Time 


Storage Time 


Turn-Off Time 


o 
5 
& 

oD 
: 
3 
n 
3 

} 
& 


CURRENT GAIN versus COLLECTOR CURRENT 


S 


= 
fo) 


= ° 


NIV LNIYYND 90 G3ZITWWYON '22u 


1c, COLLECTOR CURRENT (mA) 


~ 
(+) 
— 
a 
i) 
[=< 
a. 
= 
b 
a2 
> 
a 
<4 
< 
ac 
= 
<t 
fo. | 
= 
= 
hal 
ce 
oc 
— 
o 


_ 
= 
bad 
a 
4 
~~ 
oO 
4 
i 
a 
oS 
bay 
| 
J 
i] 
o 
a” 
= 
7) 
hee 
@ 
> 


= +25°C 


T, 
40 60 100 


Ic, COLLECTOR CURRENT (mAdc) 


200 
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——— Motorola High-Frequency Transistors 


2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 


Voce (sat) » COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


Vee (sat), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 


TV TTT 
CRETE 
km Sik. 


2N2904, 2N2906, 2N3485 
AND A VERSIONS 
T, = 25°C 


0.8 


0.6 
le = 100 mA 


06 0.1 0 : 100 


2N2905, 2N2907, 2N3486 
AND A VERSIONS 


Ic = 20 mA 


le = 10 mA 


Ig, BASE CURRENT (mAdc) 


ACTIVE REGION TIME CONSTANT 
CAPACITANCE VARIATIONS versus VOLTAGE versus COLLECTOR CURRENT 


CAPACITANCE (Pf) 


7,, ACTIVE REGION TIME CONSTANT (NSEC) 


0.1 02 0406 10 2 4 6 10 2 40 
REVERSE BIAS (VOLTS) Ic, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


Vero =25V | 

G, = 26 db @ 60 Mc 
2n2929 N; = 5.5 db @ 200 Mc 

P, = 300 mW 


PNP germanium epitaxial mesa transistor for low 
noise, broadband, power and driver amplifier appli- 
cations. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


[Characteristic | Symbol [Ratings [Unit 
[eaiesairevater ————* eno |= | vole 
[omnivores | Vos || ae 
Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current 


Total Device Dissipation @ T, = 25°C 
Derate above 25°C 


Junction Temperature 


NORMALIZED DC CURRENT GAIN 


Ic, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N2929 (Continued) 


ELECTRICAL CHARACTERISTICS 


| Characteristic 
Byceo| =o mi [ao |» [= [ve 


Collector Cutoff Current IcBO Vcp =-10 Vde, Ip = 0 “ 


Emitter Cutoff Current 


DC Forward Current Transfer Ratio 


Collector-Emitter Saturation Voltage | Vog(sat)| Ic =-50 mAdc, Ip =-10 mAdc 
Base-Emitter Saturation Voltage VBE(sat) Ic =~50 mAdc, Ip =-10 mAdc 


SmaltSignal Forward Current 
Transfer Ratio 


[Symbol [—___—_—‘Test Condvions ‘| ‘in|: Typ | Max] Unit 


Ig =-100 pAdec, Ip = 0 


Vop =-10 Vde, Ip = 0,T, =+55°C 


Vor =-10 Vdc, Ic =-10 mAdc. 


Ic =-10 mAdc, Vor =-10 Vdc, f= 1 ke 


Current Gain - Bandwidth Product Ic =~10 mAdc, Vcr =~10 Vdc, f = 100 mc 


Ic =-20 mAdc, Vag =-10 Vdc, f = 100 mc 


sk [fife 


Ip =-40 mAde, Vor 


Collector-Base Titee Constant Th Cy Vop =710 Vde, Ip =+20 mAdc, f = 31.8 mc | 10 | 
Real Part of Small-Signal Short : 
Circuit Input Impedance Re(hi,) | Ig =-10 mA, Vog =-10 V, f = 1000 me 75 


Collector-Base Capacitance Vop *-10 Vde, Ip = 0, f = 100 kc | | 1.75 12.5 | pf 


=~10 Vdc, f = 100 mc 


Q 


Power Gain Vor =-10 Vdc, Ic =-10 mAdc,f = 60 mc 
Vor =~-10 Vdc, Io =-10 mAdc, f = 200 me 
Noise Figure Vog =710 Vac, In =-2 Adc, f = 200 mc 


Rg = tae 


NOISE FIGURE versus FREQUENCY 


lo = —10mA 
Vers =10¥ 


aes 


( 


eh 
: 


NF, NOISEFIGURE (db) 
G, . POWER GAIN ‘db, 


0 50 70 


100 200. 


f, FREQUENCY (mc) f, FREQUENCY (mc) 
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on2947 
2n2948 


= 10 db @ 50 Mc 
= 15W @ 50Mc 


NPN silicon annular transistors for power amplifier 


CASE 1 applications to 100 Mc. 


(TO-3) 


MAXIMUM RATINGS (NOTE 1) 


Characteristic 


Power Input (Nominal) 
P 


Power Output (Nominal) 


Total Device Dissipation 
@ 25°C Case Temperature 


2N2947 2N2948 oat 


Derating Factor above 25°C 


Junction Temperature 
Storage Temperature ~65 to + 175 


Note 1. The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical characteristics. 


y . 


POWER OUTPUT versus FREQUENCY hed ee CHARACTERISTICS versus POWER INPUT 
eres ams 
" Hey >T 
: +t | Yt 

60 F 15 5 
zs a a zs 
S sso t= 7 : 
: a let | - A | | lel. 
a 2 = S 

res 1.0 
eleLl| Vi br ll: 
[a4 bus {>} 
= = re || = 
: AN Jottt [ZL | | ote |! 
- oO 3 ~ 
3 rab) Q. Vee = 25V Zo 

= N\ 20 5 er fine 7 

‘ ye 
0 0 
40 80 100 200 300 0 0.5 1 1.5 2 2.5 3 35 
f, eaUeNCy (mc) P., POWER INPUT (WATTS) 
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Motorola High-Frequency Transistors 


2N2947 (Continued) 


ELECTRICAL CHARACTERISTICS .Ta = 25°C unless otherwise noted 


+ 


CES (sus) 


Collector-Emitter | V 


2N2947: I. =0.250 A, R 0 


Cc BE 


2N2948: In = 0. 250A, Ror = 0 


Collector-Emitter- 
Open Base 
Sustain Voltage 


2N2947: 1. = 0. 250A, Ip =0 


Cc 


Cc 


2N2948: I = 0. 250A, I, =0 


Collector- Emitter 
Current 


= 60 Vdc, V 0 


BE ~ 


= 0, Te = 105°C 


CE 


Vor = 50 Vdc, V 


2N2948: Vor = 40 Vdc, V 


Vor = 30 Vdc, V 


2N2947: V 


2N2947: V 


BE 


0 


BE — 


= 0, Ta = 1IS°C 


BE 
=0 


Collector Cutoff = 50 Vdc, I 


Current 


CB E 


2N2948: Von = 30 Vdc, Ip = 0 


Emitter Cutoff 2N2947: Ven = 3 Vdc, I, =0 


Current 


Cc 


2N2948: Ven = 2 Vdc, In =0 


2N2947: I. = 400 mAdc, V E™ 2Vdc 


DC.Current Gain Cc C 


2N2948: Io = 400 mAdc, Vor = 2 Vdc 


Both Types: _ = 1 Adc, V = 2 Vdc 


Collector-Emitter | Vv | 

Saturation Voltage CE(sat) 
Base-Emitter Vv 

- | Saturation Voltage BE(sat) 

AC Current Gain 


Collector Output Cc 


V....= 2.0 Vde, I 


CE = 400 mAdc, f = 50 mc 


Cc 


it 
—y 
So 
> 
a. 
a 
pews 
o 
' 
on 
oO 
oO 
3 
> 
a. 
Q 


- Vop = 25 Vdc, f=0, f = 100 ke 


Capacitance 
Power rapa Pe. Pout 7 15 W, £ = 50 mc, Vo, = 25 Vde 
prove [+ fom 

Power Input Pin Pout 7 15 W, f = 30 mc, Vag = 25 Vde 


*« Pulse Measurement: Pulse Width < 100 usec, Duty Cycle = 2% 
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Motorola High-Frequency Transistors 


2N29 47 (continued) 
POWER OUTPUT versus COLLECTOR VOLTAGE POWER OUTPUT versus POWER INPUT 


Pout, POWER OUTPUT (WATTS) 
Pour, POWER OUTPUT (WATTS) 


2N2947 
f= 50 mc 
Te = 25°C 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) P.., POWER INPUT (WATTS) 
2n2949 G, = 12 db @ 50 Mc 
P,.=3.5W@5 
2n2950 : @ 50 Mc 
\ Ws 
re \ ; . . . 
CASE 23 CASE 24\ and driver applications to 100 Mc. 


NPN silicon annular transistors for power amplifier 
2N2349 2N2950 


MAXIMUM RATINGS (Note 1) 
Characteristic 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter - Base Voltage 


Base Current (Continuous) 
RF Input Power (Nom) 


RF Output Power (Nom) . 


Total Device Dissipation 
(25°C Case temperature) 
(Derating Factor above 25°C) 


Total Device Dissipation at 


25° Ambient 
(Derating Factor above 25°C) 


Junction Temperature 


Storage Temperature 


The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See Electrical 
Characteristics. 
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Motorola High-Frequency Transistors 


2N2949, 2N2950 (Continued) 
ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted 


Collector-Emitter Sustain Voltage CES(sus) 1=0. 250 A Ror 0 a5 | S| votes | 


Cc’ ’ 


. Vog= 60 Vdc, V,,,70 100 pAdc 
Vo_ 750 Vde, Von= 500 
TQ + 175°C 


Tors 
Collector - Cutoff Current Topo Vop™0 Vdc, 1,70 eee th es Ul aati Nae 
hee 
Vv 
Vv 


Collector Emitter-Open Base 
Sustain Voltage 


Collector-Emitter Current 


DC Current Gain Vor 2.0 Vdc 100 
I= 40 mAdc 
Vor™- 0 Vde Se 
L.= 400 mAdc 
. Cc 

Collector -Emitter Saturation 1_= 400 mAdc, I= 80 mAdc Vdc 

Voltage oe 7 
pao | vac | 


1 =400 mAdc, 1,=80mAde 


Emitter-Base Saturation Voltage BE(sat) Cc pa |e | 
Vor: 0 Vde 

1,740 mAdc, f=50 mc 

Von 25 Vde, Ip=0 

f=100ke 


Pout™ 5 watts, £=50 mc 
VoR725 Vdc, I 


AC Current Gain 


Collector Output Capacitance 


Power Input 
Efficiency 


* Pulse Width = 100usec, Duty Cycle = 2% 


17325 mA, 


POWER OUTPUT versus FREQUENCY | OUTPUT CHARACTERISTICS versus POWER INPUT 


ROU 
NE 


zB e |g e 
<x =< > ~ 
= 3 q =3 L2 60 rs 
= e |e z 
3 3 8 50 = 
yw 2 =2 Fs 40 s 
S 2 14 5 
at = = oO 
a a |S 30 is 
1 1 20 
10 
10 20 40 60: 80 100 200 300 0 0.1 0.2 0.3 0.4 0.5 
f, FREQUENCY (mc) P,., POWER INPUT (WATTS) 
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Motorola High-Frequency Transistors 


2N:2949, 2N2950 (continued) 


POWER OUTPUT versus COLLECTOR VOLTAGE POWER OUTPUT versus POWER INPUT 


Pout» POWER OUTPUT (WATTS) 
Pout, POWER OUTPUT (WATTS) 


0 5 10 15 20 25 0 0.1 0.2 0.3 0.4 0.5 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) P,,. POWER INPUT (WATTS) 


2n2951 
2n2952 


G. =9 db @ 50 Mc 
P, = 600 mW @ 50 Mc 


NPN silicon annular Star transistors for power am- 
plifier applications to 100 Mc. 


CASE cree 22 


(TO-5) (TO-18) 
2N2951 2N2952 


MAXIMUM RATINGS 


Symbol Rating 
Collector-Base Voltage 60 


Collector-Emitter Voltage 


Emitter-Base Voltage 


60 
5 


Collector Current (continuous) 
Base Current (continuous) ; 50 


2N2951 2N2952 
Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 20 12 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


Junction Temperature -65 to 175 


Storage Temperature -65 to 175 _— 


NOTE 1: The maximum ratings as given for D.C. conditions can be exceeded on a pulse basis. 
See Electrical Characteristics. 
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Motorola High-Frequency Transistors 


2N2951, 2N2952 (Continued) 
ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted ) 


Bi 
: 


Collector-Emitter Current .00 | uAdc 


500 | uAdc 


Emitter Cutoff Current 


DC Current Gain 


{|Collector-Emitter Saturation Voltage 


Vdc 


I 
ICES 
Cc 
Collector Cutoff Current I Vo = 50 Vdc, 
CBO 
I, =0 
E 
NEE 
V 
Ver! 


Base-Emitter Saturation Voltage = 150 mAdc, 


= 15 mAdc 


Volts 


ll -Emi : ! 
Collector-Emitter Sustain Voltage VCES(sus) : 
Collector-Emitter Open Base | ; . 


Sustain Voltage VcKo(sus) I Volts 


AC Current Gain 


In = 10 mAdc 


f=50 mc 
Bo 10 Vdc, 


Vv 


so) 
— 


Collector Output Capacitance Cc 


Ip=0 , f = 100kc 


Power Input Pe. 
in Pp = 600 mW 
out 


f=50 mec 


Vor = 13.6 Vdc 


ae 


Efficiency | n | | 35 
*Pulse < 100 nsec, Duty Cycle = 2% 
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2N2951, 2N2952 (Continued) 
visi POWER OUTPUT versus FREQUENCY 


awe es 
1200 + te = 25°C i 
aE 


4 Lis 
1000 

2 EL N 
5 800 fe] F 
: Cont 
2 600 = i 
a 400 7 
200 : 
CCl 

1 2 4 6 810 20 40 60 80100 


f, FREQUENCY(mc) 


POWER OUTPUT versus COLLECTOR VOLTAGE 


Pout, POWER OUTPUT(mW) 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Motorola High-Frequency Transistors 


OUTPUT CHARACTERISTICS versus POWER INPUT 
100 


1000 200 
f = 50mc 
Veg = 13.6Vde 
800 160 
= Sg E 
= = | ne 
= 600 S 7 120 & 
5 bs & 
& s S 
= « oO 
& 400 e2+8o 4 
= Fre] 3 
a = 2. 
ra} 6 
mst a 
200 40 
0 


0 
200 300 0 20 40 60 80 100 120 140 160 180 200 
P;,, POWER INPUT(mW) 


POWER OUTPUT versus POWER INPUT 


f = 50mc 
Te = 25°C 


Pouts POWER OUTPUT(mW) 


0 
0 .20 40 += 60 80 100 120 140 160 180 200 
P,,, POWER INPUT(mW) 


POWER OUTPUT AND POWER GAIN CIRCUIT 


Re = 509 0.15 wh 


_—— 40-90 7 
(~) 50 mc a 


+13.6V one 


: R, = 500 
0.22 yh 
mS ~ 7 / 


= = NOTE: = 


GROUND POINT must be kept as close as 
possible to the transistor emitter lead. 
Transistor must be mounted with heat sink. 
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Motorola High-Frequency Transistors - 


2n2955 | 
Vero = 18:25 V 


2n2956 | | lc = 100 mA 


-f; = 200-300 M 
2n2957 ee 
@ _ PNP germanium epitaxial mesatransistors for high- 
Speed switching applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS Ta = 25°C unless otherwise noted 


Characteristic Symbol 


Collector-Base Voltage 


Emitter-Base Voltage 


2N2955 
Collector-Emitter Voltage 2N2956 
2N2957 


Collector Current 

Junction Temperature 

Storage Temperature ~65 to +100 
Total Device Dissipation at 25°C 

Case Temperature 300 
(Derate 4 mW/°C above 25°C) 

Total Device Dissipation at 25°C 


Ambient Temperature 
(Derate 2 mW/°C above 25°C) 


CURRENT GAIN CHARACTERISTICS CURRENT GAIN CHARACTERISTICS 
2N2955 2N2956 


hee, CURRENT GAIN 
hee, CURRENT GAIN 


Ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N2955, 2N2956, 2N2957 (Continued) 


ELECTRICAL CHARACTERISTICS (At Ta = 25°C unless otherwise noted) 


| Characteristic Symon | typ | Max Unit 


Off Characteristics 


Collector-Base Breakdown Voltage 
(I¢ = 100 pAde, Ip= 0) 


Emitter-Base Breakdown Voltage 
(Ig =100 Adc, Ic = 0) 


Collector-Emitter Breakdown Voltage 
(Ig = 10 mAdc, Emitter-Base Termination - Open) 2N2955 


2N2956 
2N2957 


Collector-Emitter Reverse Current 
(VcR= 25 Vdc, Veg = 0.5 Vdc) 


Base Leakage Current 
(Vog = 25 Vdc, VeB = 0.5 Vdc) 


On Characteristics 


Forward Current Transfer Ratio 
(Iq = 10 mAdc, Veg = 1 Vdc) 
c “ 2N2956 
2N2957 


(Ip = 50 mAdc, Veg = 1 Vde) 2N2955 
ie oh 2N2956 


(Ic = 100 mAdc, Vcg = 1 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig= 1 mAdc) 2N2955 
2N2956 
2N2957 


(Ic = 50 mAdc, Ip = 5 mAdc) 2N2955 
© r 2N2956 
2N2957 


(Ic = 100 mAdc, Ip = 10 mAdc) 2N2956 
2N2957 


Base-Emitter Voltage 
(Ic = 10 mAdc, Ip = 1 mAdc) 
2N2956 
2N2957 


(I; = 50 mAdc, Ip = 5 mAdc 2N2955, 
< 2N2956 


2N2957 


(Ic = 100 mAdc, Ip = 10 mAdc) 


Transient Characteristics 


Output Capacitance 
(Vep = 5 Vde, Ip = 0, f = 1 me) 


Input Capacitance 
(Vep = 1 Vdc, = 0, f = 1 me) 


Small Signal Forward Current Transfer Ratio 


Vag = 5 Vde, I. = 10 mAdc, f = 100 me 2N2955 
Vcr Ie ) 2N2956 


2N2957 


Delay Time 
(V, =12 Vdc, : ny = 5 mAdc, Vp 


Rise Time 


(same conditions as tg) 2N2955 
2N2956 
2N2957 


(Off) = 2.2 Vdc) 


Storage Time : 2N2055 
Voc = 12 Vdc, = 50 mAdc, I,, = 5 mAdc, Ipo = 5 mAdc : ; 
Vee Ics Bl B2 ) aNAGSE 


2N2957 


Fall Time 


(same conditions as tg) 2N2955 


2N2956 
2N2957 


Total Control Charge 
(I¢ = 10 mAdc, Ip = 1 mAdc) 2N2955 
2N2956 


2N2957 


Active Region Time Constant 
(Ic = 10 mAdc) 


8.137 


| CURRENT GAIN CHARACTERISTICS 


Motorola High-Frequency Transistors 


2N2955, 2N2956, 2N2957 (Continued) 
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bd 
N 


10 


one 
ee 

| 

coe \— 
oe 
Fx 
mak? = 


All| fT 


a o / 

RG ee > 

aren ees Se ee i _ s 

ee eee ie Z YA : 

g 2 ae a R g a a ef 

¥ ™ wiva IN3uuN9 “44 S ee ee ee ie 
SELECT CHP. § 
gC CeereeniniZ? 


TOTAL CONTROL CHARGE 
ls, BASE CURRENT (mAdc) 
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reas) 
a 
AQ 
z= 
NN 


o foe) 


= 


So So o ° = ° ° ° ° 2 ) st N ° 
49 (SLIOA) 3DVLIOA YOL937100 “7°A S ° ° ° 
PION ASPEN SEAS Ch (S1TOA) JDVLIOA YO1937109 ‘2°A 


COLLECTOR-EMITTER SATURATION VOLTAGE versus BASE CURRENT 
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Motorola High-Frequency Transistors 


Vero = 20 V 
2n2958 ne ereay 


2n2959 f; = 400 Mc Typ 


an3l15 
2n3116 


NPN silicon annular Star transistors for high-speed 
switching and amplifier applications. 


CASE 31 \\ \ CASE 22. 
(TO-5) (TO-18) 


2N2958 2N3115 
2N2959 2N3116 


MAXIMUM RATINGS 


Characteristics 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage ¥en] 8 


Total Device Dissipation 
25°C Case Temperature 
Derate above 25°C 


1.8 Watts 
12 mwW/°C 


Total Device Dissipation 
25°C Ambient Temperature 
Derate above 25°C 


| Storage Temperature | -65 to +200 
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Junction Temperature ~65 to +175 


Motorola High-Frequency Transistors 


2N2958, 2N2959, 2N3115, 2N3116 (Continued) 


ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted 


| haracteristcs Sambar [win [max [unit] 


Collector Cutoff Current 


; = Q, 150°C) eee 1.15 
Collector Cutoff Current Icrx wu Adc 
(Vor = 30 Vde, VBE = -0.5 Vdc) 
Base Cutoff Current Ip. u Adc 
Collector-Base Breakdown Voltage BVcRBO Vdc 
(Ic = 10 p Adc, I, = 0) 


Collector-Emitter Breakdown Voltage* BVcEo* 
(Ic = 10 mAdc, pulsed, Ip = 0) 


Emitter-Base Breakdown Voltage BVEBO 


of | 
(Ig = 10 pAdc, Ic = 0) nee 
Collector Saturation Voltage* Vcr (sat)* Vde f[- 
(Ic = 150 mAdc, Ip = 15 mAdc) 


Base-Emitter Saturation Voltage * 
(Ic = 150 mAdc, Ip = 15 mAdc) 


DC Forward Current Transfer Ratio 
(Ic = 150 mAdc, 2N2958, 2N3115 120 
V = 10 Vdc) 2N2959, 2N3116 ia 300 _ 

Common- Base Open Circuit Output Capacitance Cob 

(Vcp = 10V, Ig = 0,f = 100 kc) ibs 

Delay Time 

(Vcc = 30V, log = 150 mA, Ip, = 15 mA) 
Rise Time 

(Vcc = 30V, Iqg = 150 mA, Ip; = 


Storage Time 
(Vcc = 6V, Icg = 150 mA, Ini = +15 mA, 


Ippo = -15 mA) 


Fall Time 
(Voc = 6V, Ics = 150 mA, Ip} = +15 mA, 


Current Gain-Bandwidth Product 
(Io = 20 mA, Vcrp = 20 V,f = 100 mc) 


VBE (sat)* 


og 
rf 


r=, 
Ps i 
O° O° 


Lam) 
on | 


*PULSE TEST: Pulse width < 300 usec, duty cycle < 2% 
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Motorola High-Frequency Transistors 


2NG 133 thru 2NO136 Vere oh v 
f, = 200 Mc 


PNP silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 


CASE 3] CASE 22 
(TO-5) (TO-18) 


2N3133 2N3135 
2N3134 2N3136 


MAXIMUM RATINGS 


Characteristic 


[eatodor-basevoimee | vono | | #0 
ee 
caesar come iY 


Total Device Dissipation 
@25°C Case Temperature 
Derate Above 25°C 


Total Device Dissipation 
@ 25°C Ambient Temperature : 
Derate Above 25°C 2.28 


Junction Temperature -65 to +200 
Storage Temperature -65 to +300 


SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 


Turn-On Time 
(Vcc = -30 V, Igg = 150 mA, Ip1 = 


Turn-Off Time 
(Veo = -6V, Ics = 150 mA, Ip1 = 


Motorola High-Frequency Transistors 


2N3133 thru 2N3136 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector Cutoff Current 
(Vcp = 30 Vdc, Ig 0) 
(Vcop =30 Vdc, Ip = 0, Ta = 150°C) 


Collector Cutoff Current 
(Vcgz = 30 V, VBE = 0.5 V) 


Base Cutoff Current — 
(Vck = 30 V, VBE = 0.5 V) 


Collector-Base Breakdown Voltage 
(Ic = 10 pAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
(Ic = 10 mAdc, Ip = 0) 


Emitter-~Base Breakdown Voltage 
(Ip = 10 wAde, Ic = 0) 


Collector Saturation Voltage* 
(Ic = 150 mAdc, Ip = 15 mAdc) 


Base-Emitter Saturation Voltage * VBE (sat)* | Vde 
(Ic = 150 mAdc, Ip = 15 mAdc) 1.5 


DC Forward Current Transfer Ratio 
(Ic = 1.0 mAdc, VcE = 10 Vdc) 2N3133, 2N3135 
2N3134, 2N3136 
(Ic = 150 mAdc, Vopr = 10 Vde)* 2N3133, 2N3135 
: 2N3134, 2N3136 


Output Capacitance 


(Vop = 10 Vdc, Ig = 0, f = 100 ke) 


Input Capacitance 7 
(VBE = 2 Vdc, Ic = Q, f = 100 kc) 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 20 Vdc, f = 100 mc) 


*Pulse Test: Pulse Width < 300 usec, duty cycle < 2% 
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Motorola High-Frequency Transistors 


2n3137 Gp: = 7.7-8.5 db @ 250 Mc Typ 
MM1803 Po = 600-700 mW @ 250 Mc Typ 


NPN silicon annular transistors for large signal VHF 
and UHF applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Cellector Current (Continuous) 


Power Dissipation 
@25°C Case Temperature 2.0 
@25°C Ambient Temperature 0.8 


Operating Junction Temperature 200 
Storage Temperature Range -65 to +200 


Thermal Resistance-- 
Junction to Case 87.5 


Thermal Resistance-- 
Junction to Air 153 


1000 pf 
Button MICA 


1000 pf 
Button MICA 
120 pf 


Cc (Collector strays) 1.5 pf °7-12 pf 


re 
Ih ---]f=-- 


ae fon So Sues 1,1 3/h turn Mo. 1 tinned wire 3/8" ID 
L, * .O7Suh (5.5 turna #16ga ID = 3/16" length 1/2") L,: & turns No. 18 tinned wire 1/" ID 7/16" long 
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Motorola High-Frequency Transistors 


2N3137, MM1803 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


Characteristic 


< 


Collector-Base Breakdown Voltage 


I, =0.1mAde, I, = 0 2N3137 cke 
| MM1803 


Collector-Emitter Open Base Sus. Voltage VeKo(sus) 


I, = 15mAdc, In = 0 2N3137 


MM1803 
Collector Cutoff Current 


CB™ 20Vdc, I. = 0, To = +150 C Both Types x 


V 
Collector Cutoff Current I 


C 


an 
w& 
ce) 


Adc 
. CBO z 
Vop™ 20Vdc, In = 0 Both Types jos 
Emitter-Base Breakdown Voltage VERO Vdc 
I, = 100uA, In =0 2N3137 
MM1803 


DC Current Gain hog 

Vor = 5Vdc, Io = 50mAdc 2N3137 120 

MM1803 160 

Collector-Emitter Saturation Voltage Vo E(sat) Vdc 

In = 50mAdc, I, = J5mAdc Both Types 
Small Signal Current Gain [Pte | 

Vor = 10Vdc, Io = 50mAdc, f = 100mc 
Common-base Output Capacitance Cob 

Vos = 10Vdc, 1, =0, f = 100kc 

Cc 

Power Output Pout 400 600 mWatts . 
Power Gain P..” 100mw, f = 250mc 2N3137 G, 6.0 Tet db 
Efficiency Vor= 20Vdc n 40 65 % 
Power Output Pg 560 700 mWatts 
Power Gain P, = 100mw, f = 250mc MM1803 G ‘ 7.5 8.5 db 
Efficiency Vor = 20V n 45 60 % 


*Pulse Width ~ 300 usec. Duty cycle = 1% 
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Motorola High-Frequency Transistors 


2No227 


For Specifications, See 2N2369 Data Sheet 


2no244 Vceto = 40-50 V 
Ic =1A 


2n3245 f; = 150-175 Mc 


PNP silicon annular transistors for medium-current, 
high-speed switching and driver applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Characteristic ap NG 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current 


Total Device Dissipation 
@ 25°C Ambient Temperature 


Derating Factor Above 25°C 
Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 28.6 


Junction Temperature, Operating +200 


Storage Temperature Range T -65 to +200 


Thermal Resistance 0.175 
35 


8-145 


— Motorola High-Frequency Transistors 


2N3244, 2N3245 (Continued) 


ELECTRICAL CHARACTERISTICS (at Ta = 25°C unless otherwise specified) 


| | Characteristic | 


Collector Cutoff Current 
(Von = 30 Vdc, Ip = 0) 


(Vop = 30 Vde, 1, = 0, T, = 100°C) 


CB 
Collector Cutoff Current 
(Vop = 30 Vde, Vag = 3 Vde) 


Emitter-Base Leakage Current 
(Vip = 3 Vde, In = 0) 


A 


Base Cutoff Current 
(Vor = 30 Vdc, Vos 


Collector -Base Breakdown Voltage 
(I, = 10y4 Adc, Ip = 0) 2N3244 
2N3245 


= 3 Vde) 


‘Collector-Emitter Breakdown Voltage* 
(I, = 10 mAdc, I, = 0) 2N3244 
__2N3245 


Emitter-Base Breakdown Voltage 
(1p. = 104 Adc, In = 0) 


Collector Saturation Voltage * 
(I, = 150 mAdc, In = 15 mAdc) 2N3244 
2N3245 


(I, = 500 mAdc, ly = 50 mAdc) 2N3244 
2N3245 


= 100 mAdc) 2N3244 
2N3245 


e 
VcK(sat) 


(I, = 1 Adc, Ip 


Base-Emitter Saturation Voltage * V * 
(Ip= 150 mAde, I, = 15 mAdc) BE(sat) 
(I, = §00 mAdc, I, = 50 mAdc) 

(I, = 1 Adc, Ib = 100 mAdc) 
i 
nee 


DC Forward Current Transfer Ratio* 
(In = 150 mAdc, Vor = 1.0 Vdc) 2N3244 
am 2N3245 


= 1.0 Vde) 2N3244 
2N3245 

(I= 1 Ade, V... = 5 Vdc) 2N3244 
Cc “CE , 2N3245 


= 500 mAdc, 


(Ie Yor 


Output Capacitance 
(Von= 10 Vdc, I 


Input Capacitance 
(Yon = 0.5 Vdc, I, = 0, f = 100 kc) 


Current-Gain - Bandwidth Product 
(Ig = 50 mAdc, Vor =10 Vdc, f = 100 mc) 2N3244 
2N3245 


gE = 0, £ = 100 ke) 


Delay Time 
(I, = 500 mA, 1, = 50 mA 
Rise Time Von = 2V, Vec= 30 v} | | 
2N3244 


2N3245 


Storage Time | | 
re a. 2N3244 
; -2N3245 


Fall Time 
(Voc = 30 V) 


Total Control Charge . 
(I, 500 mA, 1, = 50 mA, Vec = 30 V) 2N3244 


2N3245 


* Pulse Test: PW 300 yssec, Duty Cycle 2%, 


8-146 


Motorola High-Frequency Transistors 


2N3244, 2N3245 (Continued) 


VOLTAGE (VOLTS) 


MINIMUM CURRENT GAIN CHARACTERISTICS 


NORMALIZED hice 


50 SS 
lo auiccton CURRENT (mAdc) 


COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 


mie See 2N3244 
ian ee SOE pee 
ab 


OLTAGE (VOLTS) 
ttt tt tt ttt 
eae 


Vee, MAXIMUM COLLECTOR-EMITTER V 


x SE Se se ee 
a ins =e A 9 Rs 
| S00 ee ee ee | 


Voce, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


TIME (nsec) 


Ic, COLLECTOR CURRENT (mA) tc, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


aa pea 


( PNP silicon annular transistors for low-level, high- 
| | speed switching applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristics | 
Collector-Base Voltage 


Collector-Emitter Voltage Vo EO Vde 
Emitter-Base Voltage VEBO a Vdc 


Total Device Dissipation 


@ 25°C Ambient Temperature 
Derate above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature 
Derate above 25°C 


Operating Junction Temperature 
Storage Temperature Range 


TYPICAL SWITCHING TIME 


LIMITS OF SATURATION VOLTAGES 


ne oe a 
| _le= Sa 0 Se cl OO LED a 
PPS ase TTT tt aT 
m= Meat Sas ety 
a ar | | | 

sie a a AL 


TIME (nsec) 


4 
ain 
a 
fain rl 
= ae. 


‘at 
Bee, 


Visaty, SATURATION VOLTAGE (VOLTS) 


SSS 
1 2 5 10 20 50 100 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N3248, 2N3249 (Continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Collector-Cutoff Current 
(VCE = 10 Vdc. VoB = | Vdc) 
(V ~- 10 Vdc, Vop = 1 Vde. T, 


Base Cutoff Current 
Vog - 10 Vdc, VoB = ] Vde) 


Collector-Base Breakdown Voltage 


(Ic; 10 jtAdc, Ip - 0) 


Collector-Emitter Breakdown Voltage * 
(Ic 10 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ip; = 10 j2Adce.1,. = QO) 


Collector Saturation Voltage 
(Ic: = 10 mAdc, Ip = 1 mAdc) 
(Ic: = 50 mAdc. Ip = 5 mAdc) 
(Ic: 100 mAdc. Ip = 10 mAdc) 2N3249 
2N3248 


Base-Emitter Saturation Voltage 
(Ic: - 10 mAdc, Ip = 1 mAdc) 

(Ir; = 50 mAdc, Ip = 5 mAdc) 

(Ic: 100 mAdc, B? 10 mAdc) 


DC Current Gain* 
(I¢ = 0.1 mAdc, Vcr = 1 Vdc) 2N3248 
2N3249 


1.0 mAdc. Veg * 1 Vdc) 2N3248 
2N3249 


- 10 mAdc. Veg = 1 Vde) 2N3248 
2N3249 


(IK * 


.° 50 mAdc, Vop = 1 Vdc) 2N3248 
2N3249 

(Ic = 100 mAdc, VCE = 1 Vdc) 2N3248 
y 2N3249 


Output Capacitance Cob 


(Voge = 10 Vdc, Ie = 0, f S 


Input Capacitance 
(Vpp = 1 Vde. Ic = 0.f= 100 kc) 


100 kc) 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc. Vcg = 10 Vde, f = 100 me) 2N3248 
2N3249 


Total Control Charge 


, 3D) 
ar 


Lear? 
oO 


(Ic = 10 mA, Ip - 0.25 mA, V = 3V) 
le = ACOA, I: © 10K; Vg. =-0:5'V. 


Rise Time Vcc = 10 V 


Storage Time lc = 100 mA, Ip; = Ipg = 10 mA, 
Fall Time C 


c+ 10V 


Turn-Off Time Ic = 10 mA, Ipi = Ino =1 mA, Vcc = 3V tort 


ton 


*Pulse Test: PW 300 psec. Duty Cycle 2% 
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Motorola High-Frequency Transistors 


2N3248, 2N3249 (Continued) 


MINIMUM CURRENT GAIN 


Ly i AR MEP 
Se cae et cen ae meme a Qe Vee =1¥ HH 


pj} tpt tt Tt) 
(ae Oe a OE Se Ht al 
: Se STH 
ea a a ei 
e FRR ANY 
a ee a ee mat 
peed EIT ISL Ae NREL aah Su PEIN 
CLL TEU LY PT PE 


0.1 0.2 0.5 1.0 2.0 5.0 10 50 100 
Ic, COLLECTOR CURRENT (mA) 


Lah ee Ty = 125°C Fall 
CTT Tr. —— = 25°C TTT 
a hae 


200 


100 


a i a ee en a 
{+} __— 


hee, CURRENT GAIN 


= —55°C 


4p a eee 


i=) 
omy 
Qo 
Nh 
© 
on 
_ 
i=) 
Nh 
fom] 
bd 
So 
om 
oO 
nN 
oO 
nn 
oO 
—_ if 
oO 
© 


Ic, COLLECTOR CURRENT (mA) 


Ton and Tort TEST CIRCUIT 


fe < I nsec Vee 


—>| t, — 
10 < t, < 500 usec 
DUTY CYCLE = 2% 


Bar ene ses 
volts ohms pf voits volts volts volts 
pM Sf Ls | eas da P+9.1 | 
jioo | 10 | ik] 95] 2 | +05] ~107 | -113] +87 | 


*Total shunt capacitance of test jig and connectors. 


<_ insec 
Vos ~| 
a \ te i is -0 
vi 


a4 


b— 300 nsec 
DUTY CYCLE = 2% 
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Motorola High-Frequency Transistors 


2N 3250, A Vceo = 40-60 V 
3251, A lc = 200m 


f; = 250-300 Mc 


CASE 22 
(TO-18) 


PNP silicon annular transistors for high-speed 
switching and amplifier applications. 


MAXIMUM RATINGS 


2N3250 2N3250A 
2N3251 2N3251A 


Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor Above 25°C 


Junction Operating Temperature 


Storage Temperature Range —65 to +200 


-Thermal Resistance 
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Motorola High-Frequency Transistors 


2N3250, A, 2N3251, A (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


, Characteristic 


Collector Cutoff Current I 


(Vag = 40 Vdc, Von = 3 Vdc) . CEX 
Base Cutoff Current I 

(Vor = 40 Vdc, Vo, = 3 Vdc) BL 
Collector-Base Breakdown Voltage 2N3250, 2N3251 

(I, = 10uAdc) 2N3250A, 2N3251A 
Collector-Emitter Breakdown Voltage * 2N3250, 2N3251 


(I, = 10 mAdc) 2N3250A, 2N3251A 


Emitter-Base Breakdown Voltage 
(Ip = 10puAdc) 


Collector Saturation Voltage * 
(I, = 10 mAdc, I, = 1 mAdc) 


(I, = 50 mAdc, Ip = 5 mAdc) 


Base-Emitter Saturation Voltage * 
(Ig = 10 mAdc, Ip = 1 mAdc) 


(I, = 50 mAdc, I, = 5 mAdc) 


DC Forward Current Transfer Ratio * 


(Iq = 0.1 mAdc, Vag = 1 Vde) 2N3250, 2N3250A 
2N3251, 2N3251A 
(I, = 1 mAdc, Vo, = 1 Vdc) 2N3250, 2N3250A 
2N3251, 2N3251A 
(I, = 10 mAdc, Vo, = 1 Vdc) 2N3250, 2N3250A 
2N3251, 2N3251A 


(I, = 50 mAdc, VQ, = 1 Vdc) 2N3250, 2N3250A 


2N3251, 2N3251A 


Output Capacitance Cc 
° (Van = 10 Vdc, Ih = 0, f = 100 kc) ob 


Input Capacitance C. 
(Voz = 1 Vdc, Ia = 0, f = 100 kc) i 


Current-Gain - Bandwidth Product 2N3250, 2N3250A f 
(I, = 10mAdc, Vag = 20 Vde, f = 100 mc) 2N3251, 2N3251A 


Small Signal Current Gain | 2N3250, 2N3250A 
(I, = 1.0 mA, V,, = 10 V, f= 1 ke) 2N3251, 2N3251A 


Voltage Feedback Ratio 2N3250, 2N3250A . 
(I, = 1.0 mA, V,. = 10 V, f = 1 kc) 2N3251, 2N3251A 

Input Impedance 2N3250, 2N3250A 
(I, = 1.0 mA, V,, = 10 V, f = 1 ke) 2N3251, 2N3251A 


Output Admittance 2N3250, 2N3250A 
(I, = 1.0 mA, V,, = 10 V, f = 1 ke) 2N3251, 2N3251A 
Collector-Base Time Constant 


(I, = 10 mA, Vor = 20 V) 


Noise Figure 


(Ig = 100 wA, Van = 5 V, Rg = 1 kg, f = 100 cps) 


CE 


*Pulse Test: PW = 300 usec, Duty Cycle 


2% Vos = Base Emitter Reverse Bias 
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Motorola High-Frequency Transistors 
2N3250, A, 2N3251, A (Continued) 


SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 


Delay Time 


‘ = 
(Vag = 3 Vde, V 


OB 
In = 10 mAdc, Ih1 


= 0.5 Vdc 
= 1 mA) 


Storage Time 


(Ip) = Igo = 1 mAde 


Voc = 3V) 
Fall Time 


Nee. NORMALIZED CURRENT GAIN 


TYPICAL hye = 74 — 2N3250 
167 — 2N3251 


le, COLLECTOR CURRENT (mA) 


TYPICAL SWITCHING TIMES 
a OE GA a 


Ne 


25°C 
le 10 Ie le Toh, 10 Ig 
Veo 3V,Vog 0.5V Vec 3V 


NERC CE 


RNG 
fom es Sa 
eS is 


Uy ts | 
Te NSS 
>. CRE NBS. SG 
RNC TS 
g fe ari , COSNEN EET 
: § gf DD WANT 
: EE 2 “(TT NNORD Ee 
ae - TTCTN SSNS 
=e: INSuct 
ae P 20 os 
mye NaN 
ani dl 
LA i : 


1 2 5 10 20 50 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
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2N3250, A, 2N3251, A (Continued) 


Motorola High-Frequency Transistors 


AUDIO SMALL SIGNAL CHARACTERISTICS 


NF, NOISE FIGURE (db) 


es a. Se See ee a ech Meet = 

ee a A, * Lt tT it 
a i GS ee ee 

aks As a bY ei" Wa 
B TINT TIN 2825, 2NB25 1A “TTT 
S PT TN INN LTT 
Z || ao, aes NT INET 
Ps es eee: = [Sales eae 
Rar ea Seah, 
1.0 1 oS a 
Tr T_T 
ES EE ee 0 es ee ee i. “Ss 
a ee 
05 ee ee ee 


NOISE FIGURE peeene 


6 ee eo ee 
| eet TT 
1 SS it ae Ee 

ae ae ae 
| | | SOURCE RESISTANCE = 4.3 K maa 

a ae RIE 


|_| | 1__1. sourceresistance -16 1111 


le = 100 nA 


KC =2KC = = 4KC 1OKC = 20KC 40KC 100KC 


f, FREQUENCY (CYCLES) 


NF. NOISE FIGURE (db) 


pe Ss 


Ta = 25 C 


NING Ltt 


Ao 


100 1K 2K 4K 10K =620K) = 40K_—s« 100K 
Rg. SOURCE RESISTANCE (OHMS) 


h dae a ated sediace 


2 1.0 2.0 5.0 10 
- ene CURRENT (mAdc) 


INPUT IMPEDANCE 


0.5 10. 2.0 
Ic, COLLECTOR CURRENT (mAdc) 


SATURATION VOLTAGES versus COLLECTOR CURRENT 


SATURATION VOLTAGE (VOLTS) 


1.0 


eR eSimces 
ei eee —- aa 
cml 


0 5 


maa 
ieee ENN 
1 2 5 10 2 
Ic, COLLECTOR CURRENT (mA) 


0 
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he. (umhos) 


hee x 107“ 


A Batis 
2 RB Rei are es 


0.2 0.5 1.0 2.0 
ic, COLLECTOR CURRENT (mA) 


VOLTAGE FEEDBACK RATIO 


| | ffl 

SESH -F i 
xe BOt es ee i 

CPST cam Mall 


5.0 10 


0.2 0.5 1.0 2.0 5.0 10 
Ic, COLLECTOR CURRENT (mAdc) 


TEMPERATURE COEFFICIENTS 


Ic, COLLECTOR CURRENT (mA) 


ING2D2 
2N3253 


2N3444 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Characteristics Symbol 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Total Device Dissipation 
25°C Case Temperature 
Derate above 25°C 


Total Device Dissipation 
25°C Ambient Temperature 
Derate above 25°C 


Junction Operating Temperature Range 


Storage Temperature Range 


Thermal Resistance: 


Motorola High-Frequency Transistors 


VoBo 


SWITCHING CHARACTERISTICS 


Characteristics 


Output Capacitance 


Input Capacitance 
(Vip = 0.5 Vde, Ic = 0, f = 100 kc) 


Current Gain-Bandwidth Product 
(Ic = 50 mAdc, Vor 


Total Control Charge ** 


= 10 Vdc, f = 100 mc) 


2N3252 


Vero = 30-50 V 
lc =1A 
f; = 175-200 Mc 


NPN silicon annular transistors for high-current 
saturated switching and core driver applications. 


Types ; 
Se Unit 
2N3252 2N3253 2N3444 
60 15 80 Vdc 
30 40 50 Vdc 
A 5 Vdc 
ns Watts 

—_——- 28.6 —__—_—> mWw/°C 
——$—$$_—$—$- 1.0 ——$—$—__—_——> Watt 

5.1 mw/°C 
+—_——— -65 to +200 ———_—_>> % 
<~——— -65 to +200 ————> °C 

35 oC/Ww 
0.175 °c/mw 


2N3253, 2N3444 


500 mAdc, Io = 50 mAdc 


(I, = 500 mAdc, Ip; = 50 mAdc, Voc = 30 V) 


Rise Time 


Delay Time 


Storage Time In = 500 mAdc, Ip) =e 


Fall Time 
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B2 


Vv = 30 V, Von = 2V 2N3252 
i a 2N3253, 2N3444 


= 50 mAdc 


Motorola High-Frequency Transistors 


2N3252, 2N3253, 2N3444 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


eS ee 


Collector Cutoff Current 
(Vcp = 40 Vdc, Ip = 0) 2N3252 
(Vcp = 40 Vdc, I, = 0,T, = 100°C) 2N3252 
(VcB = 60 Vdc, I, = 0) 2N3253, 2N3444 
(Vop = 60 Vdc, I, = 0, T, = 100°C) 2N3253, 2N3444 


Emitter Cutoff Current 
(Vcop = 4 Vdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 40 Vdc, VoB = 4 Vdc) 2N3252 


(Vor = 60 Vdc, Vop = 4 Vdc) 2N3253, 2N3444, 


Base Cutoff Current 
(Vo E” 40 Vdc, Vop = 4 Vdc) 2N3252 


(Voge = 60 Vdc, Vop = 4 Vdc) 2N3253, 2N3444 


Collector-Base Breakdown Voltage 
(Ic = 10 “Adc, Ip = 0) 2N3252 
2N3253 
2N3444 


Collector-Emitter Breakdown Voltage * 
(Ic = 10 mAdc, pulsed, Ip = 0) 2N3252 
2N3253 
2N3444 


Emitter-Base Breakdown Voltage 
(Iz =10 “Adc, Ic = 0) 


Collector Saturation Voltage * 
(Ic = 150 mAdc, Ip = 15 mAdc) 2N3252 
2N3253, 2N3444 


(Ic = 500 mAdc, Ip = 50 mAdc) | 2N3252 
2N3253, 2N3444 


(Ig = 1.0 Ade, Ip = 100 mAdc) 2N3252 
2N3253, 2N3444 


Base-Emitter Saturation Voltage * 
(Ic = 150 mAdc, Ip = 15 mAdc) 


(Ig = 500 mAde, Ip = 50 mAdc) 
(I¢ = 1.0 Adc, Ig = 100 mAdc) 


DC Forward Current Transfer Ratio * 
(Ig = 150 mAdc, Vcr = 1 Vdc) 2N3252 
2N3253 
2N3444 


(I¢ = 500 mAdc, Vog = 1 Vdc) 2N3252 
2N3253 

2N3444 

(Ic = 1 Adc, Veg = 5 Vdc) 2N3252 
2N3253 

2N3444 


* Pulse Test: Pulse width = 300 ysec, duty cycle= 2% 


Sas lll 
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Motorola High-Frequency Transistors 


2N3252, 2N3253, 2N3444 (Continued) 


MINIMUM CURRENT GAIN CHARACTERISTICS 


CT | | 
LL AWA 
IPA 


700 800 900 1000 


600 


500 


400 


300 


NIVD INJYYND WOWINIW “40 


(¢, COLLECTOR CURRENT (mA) 


NIVS LNJYYND WAWINIW 4q 


900 1000 


300 
(mA) 


c, COLLECTOR CURRENT 


le 


TELA 
EL LA | 
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600 


300 400 500 
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200 


ley 


NIV JNIYYND WOWINIW 24q 


a 
Pike 
ae, 
ie eae 
ra 
aE 


oO 
° 
wo 
N 
ll 
> 
— 


o 
Q 


LIMITS OF SATURATION VOLTAGES 


TYPICAL STORAGE TIME VARIATIONS 


~ N 


(3asu) WIL IDVYOLS 


700 ©1000 


500 


500 700 ©1000 


300 


Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 


8-157 


Motorola High-Frequency Transistors 


2No2/9 thru 2NO2O2 


Veco =30V 


G, = 16-17 db @ 200 Mc 
NF = 3.5-5 db @ 200 Mc 


PNP germanium epitaxial mesa transistors for high- 
gain, low-noise amplifier, oscillator, mixer and fre- 
quency multiplier applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristic i Rating 
2N3281 
2N3282 


Collector- Base Voltage 


Total Device Dissipation 
(25°C Ambient Temperature) 
Derate above 25°C 


Junction Temperature 
Storage Temperature 


Characteristic Test Conartions 
Collector-Base BV, I, = 100 pAdc, I, = 0 
Breakdown Voltage : e All Types 
Collector-Emitter BVcEs = 100 uAdc, Ve = 0 
Breakdown Voltage ein Types 


Collector-Emitter = 2.0 mAdc, Ip = 0 
Breakdown Voltage 2N3279. 2N3280 


2N3281, 2N3282 
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Motorola High-Frequency Transistors 
2N3279 thru 2N3282 (Continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Collector Cutoff Current Vcp= 10 Vdc, Ip = 0 
All Types . 

Vcp = 10 Vdc, I, = 0,T, = +5§5°C 

2N3279, 2N3280 


Emitter Cutoff Current 


Vep = 0.75 Vdc, Io = 0 
2N3279, 2N3280 
Vip = 0.5 Vde, Ic = 0 
2N3281, 2N3282 


DC Forward Current 
Transfer Ratio 


VcE = 10 Vdc, Io = 3 mAdc 
2N3279, 2N3280 
2N3281, 2N3282 


= 1.0 mAdc 
2N3279, 2N3280 
2N3281, 2N3282 


Collector- Emitter 
Saturation Voltage 


Iq = 5 mAdc, I, 


Base-Emitter 
Saturation Voltage 


Io = § mAdc, Ip = 1.0 mAdc 
2N3279, 2N3280 
2N3281, 2N3282 


Small Signal Forward 
Current Transfer Ratio Vcr = 10 Vde, Io = 3 mAdc, f = 1 ke 
2N3279, 2N3280 
2N3281, 2N3282 


Collector-Base Vcp 710 Vdc, Ip = 0, f = 100 kc (Note 1) 
Capacitance 2N3279 
2N3280 thru 2N3282 


Collector-Base Time = 10 Vdc, Io = 3 mAdc, f = 31.8 mc 
Constant 2N3279, 2N3280 
2N3281, 2N3282 


Current Gain - Bandwidth Vcr = 10 Vdc, Ic = 3 mAdc 
Product - 2N3279, 2N3280 
2N3281, 2N3282 


Maximum Frequency = 10 Vdc, Io = 3 mAdc 
of Oscillation All Types 


Power Gain Veg = 10 Vdc, Io = 3 mAdc, f = 200 mc 
2N3279, 2N3280 
2N3281, 2N3282 

Noise Figure Vcr = 10 Vdc, Ic = 3 mAdc, f = 200 mc 
2N3279, 2N3280 
2N3281, 2N3282 

Power Gain (AGC) Vcr =5 Vdc, = 20 mAdc, f = 200 mc 

(Note 2) 2N3279, 2N3281 
(Note 2) 2N3280, 2N3282 


Note 1. Cob is measured in a guarded circuit such that the can capacitance is not included. 
Note 2. AGC is obtained by increasing I.. The circuit remains adjusted for VcE = 10 Vde 


and Io = 3 mAdc operation. 
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Motorola High-Frequency Transistors 


2N3279 thru 2N3282 (Continued) 


NEUTRALIZED POWER GAIN AND NOISE FIGURE versus 


POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT FREQUENCY 


- 200mc ‘ 
COMMON EMITTER 2N3279 » 3280 3 
(1ov)*Y (10V) 


—— ee ° 
AT | TAS 
resaaee | YX DOPE 


20 


a 
if ey 
led 
Ee! 
eas 
4a 
as 


NF, NOISE FIGURE (db) 
G,, POWER GAIN (db) 
NF, NOISE FIGURE (db) 


G,, POWER GAIN (db) 


Peale ee 
ee ee ee A Pee 
pref ft tt | fe 

ee eS eee ee Se 


Sa i or 


10 20 40 60 100 200 400 600 1000 2000 


Ie, COLLECTOR CURRENT (mA) f, FREQUENCY (mc) 


Vecso = 20-25 V 
2N3200 thru 2NS2OO G, = 14-16 db @ 200 Mc 
PNP germanium epitaxial mesa transistors for TV 


NF = 4-5 db @ 200 Mc 
and FM, RF and IF amplifier, oscillator and general 


CASE 22 purpose high-gain, low-noise amplifier applications. 
(TO-18) | 


MAXIMUM RATINGS 


2N3283 2N3285 


Characteristic 2N3284 2N3286 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current 


Total Device Dissipation 
at Ta = 25°C 
Derate above 25°C 


Junction Temperature 


Storage Temperature Range ——— -6§5 to +100——_—_—_—e 
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Motorola High-Frequency Transistors 


2N3283 thru 2N3286 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


—aiaacarste [stot [Totton ‘(ww | tw] wm] Oo 


Collector-Emitte: 100 » Adc, VBE =0 Vdc 
2N3283, 2N3284 
2N3285, 2N3286 


Breakdown Voltage 
Collector Cutoff Current Vcp = 10 Vdc, In = 0 P| 20 10 ; wAde 
Emitter Cutoff Current | tepo | Vip = 0.5 Vde, I, = 0 | — | =| 100 | uAde| 


DC Forward Current Vor = 10 Vdc, lc = 3 mAdc 2N3283, 2N3284 
Transfer Ratio 2N3285, 2N3286 


AC Current Gain hee Vopr = 10 Vdc, Ig = 3 mAdc, 2N3283, 2N3284 200 
ie 2N3285, 2N3286 200 

Output Capacitance Vop = 10 Vde, Ip = 0,f = 100 kc Note l | — | 10} 18] oe | 

AC Current Gain Vor = 10 Vde, Ig = 3 mAde, f = 100 me /25 | 40] eof — | 


Collector-Base rp'Ce Vop = 10 Vdc, Ic = 3 mAdc, psec 
Time Constant { = 31.8 mc 

Maximum Frequency is ) = 
of Satin ee | ee eee 


2N3283 


" Voce = 10 Vde, Ic = 3 mAdc 
Noise Figure NF | f = 200 mc 


e 
Power Gain (AGC) G, Circuit Fig. 1 - Note 2 
Vor = 5 Vdc, Io = 20 mAdc, f = 200 mc 
2N3284 


Noise Figure 


Veg = 10 Vdc, Ic = 3 mAdc 


F f = 200 mc 
Power Gain (AGC) Ge 
Vcg = 5 Vdc, Io = 20 mAdc, f = 200 me 


2N3285 


Power Output 
Ver = +12, Vde, f= 257 me 


2N3286 


Vcr = 10 Vde, Ic = 3 mAdc 


Note 1. C.) is measured in a guarded circuit such that the can capacitance is not included. 
Note 2. AGC is obtained by increasing Ic. The circuit remains adjusted for Vop = 10 Vde and Ic = 3 mAdc operation. 
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——— Motorola High-Frequency Transistors : 


2N3283 thru 2N3286 (Continued) 


NEUTRALIZED POWER GAIN AND POWER GAIN AND NOISE FIGURE versus 


- NOISE FIGURE versus FREQUENCY , COLLECTOR CURRENT 200 mc 


z 30 w s 3 
: g : 
= os 3 
£2 20 Ss §& ar 
é = 8 S 
10 ~ og = 
0 
10 20 40 60 100 200 400 600 1000 2000 oa , a se a ie ee 
f, FREQUENCY (mc) le, COLLECTOR CURRENT (mA) 
200 MC POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
SHIELD 
‘ 
] 
{ 
i 
os CN 7-9* 
8 L-1 OUT 
te ! 
° 
{ .7-9* 2-8 500 
t . = ®t 
_!| 
oo“ = 470 
; = i la 
502 
Rg 
470 NaN 
a 2-8 , 
= 
L 001pf 
NOTES: = 
L-1 1% inch inside diameter, 4/2 inch length, 4 turns #20 solid copper wire, 3.9uh 
center tapped. 
T-1 % inch inside diameter, close wound, 3 turns #26 solid copper wire. 1:1. 
ratio bi-filler wound. 470 
* High Quality piston type capacitor. 
Distance from emitter contact of transistor to ground side of bypass capaci- ys — . 
tor should be kept minimum le —Vec 
erat 
257 MC OSCILLATOR POWER OUTPUT TEST CIRCUIT 
SHIELD 
~~ 


8.0 pf 


100 0 
POWER 


L, — 4 TURNS OF # 22 NYKLAD WIRE SPACED FOR 257 MC. COIL FORM 7/32” CENTER 
DETECTOR 


RFC — 24 TURNS #30 NYKLAD WIRE CLOSE WOUND 
ALL CAPACITORS ARE CERAMIC TYPE 
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Motorola High-Frequency Transistors 


2N 3287 thru 2no290 Vecso = 30-40 V 
G, = 17 db @ 200 Mc 
@ NF = 6-7 db @ 200 Mc 


NPN silicon annular transistors for high-gain, low- 
noise amplifier, oscillator, mixer and frequency mul- 
tiplier applications. 

CASE 22 
(TO-18) 


MAXIMUM RATINGS 
2N3287 2N3289 
Characteristic aul 2N3288 2N3290 Unit 
co 


poe 


Collector - Base Voltage 


Collector - Emitter Voltage 


Collector - Emitter Voltage 


Emitter - Base Voltage 


Collector Current 


Power Dissipation at 25°C Case Pc 
Above 25°C derate 1. 71 mW/°C 


Power Dissipation at 25° C amb. 200 mW 
Above 25°C derate1.14 mW/°C 
| Junction Temperature ay | +200 p20 °C 
Storage Temperature he | -65 to +200 | -65 to +200 


200 MC TEST CIRCUIT: POWER GAIN, NOISE FIGURE, & AGC 


2-8 


P, Pe 


R,=509 (+ ry Ce) R= 500 
oa He pal Bil 


001 uf 001 uf 
= ° -Q +O 
B E C 


L1-6 turns of #16 tinned wire; 4” ID; Air wound; winding length 34”; T1-3 turns primary and secondary Bifilar wound (close wound) on 4” 
Voc feeds tap 4% turns from collector end; output tap 31 turns ceramic form (cambion type) with brass slug. #22 enameled wire. 
from collector end. 


P1-General Radio 874 G6 Pad (6 db) 
Po-General Radio 874 G6 Pad (6 db) 
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Motorola High-Frequency Transistors 


2N3287 thru 2N3290 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 


ee 


Collector-Base Breakdown Voltage Io = 10 wAdc, Ip = 0 
2N3287, 2N3288 


2N3289, 2N3290 


Collector-Emitter Breakdown Voltage = 10 pAdc, Ver = 0 
2N3287, 2N3288 
2N3289, 2N3290 


Collector-Emitter Breakdown Voltage iis Ig = 2.0 mAdc, Ip = 0 Vdc 
2N3287, 2N3288 
2N3289, 2N3290 


Emitter-Base Breakdown Voltage BVepo e: = 10 pAde, I, 


Collector Cutoff Current IcBo = 15 Vdc All Types 


vee = 15 Vdc, T = 150°C 2N3287, 2N3288 
DC Forward Current Transfer Ratio ia 
2N3287, 2N3288 


Veg = 10 Vde, Io = 2 mAdc 
" Collector-Emitter Saturation Voltage | Vog (sat) 
2N3289, 2N3290 


Base-Emitter Saturation Voltage VBE (sat) 5 mAdc, Ip = 0.5 mAdc sab lias 
2N3288, 2N3290 


AC Current Gain 


2N3287, 2N3288 
2N3289, 2N3290 


= 5 mAdc, slp = 0.5 mAdc 


Veg = 10 Vde, Ig = 2 mAde, f = 1 ke 
2N3287, 2N3288 
2N3289, 2N3290 


Vop = 10 Vde, Ig = 0, f = 0.1 me (Note 1) * 
2N3287 
2N3288 thru 2N3290 


Vcp = 10 Vdc, Ic = 2 mAdc, f = 31.8 mc 
2N3287, 2N3288 
2N3289, 2N3290 


Output Capacitance 


Collector-Base Time Constant 


Current Gain - Bandwidth Product Veg = 10 Vde, Iq = 2 mAde 
2N3287, 2N3288 


2N3289, 2N3290 


Maximum Frequency of Oscillation = 10 Vde, Ic 


Power Gain Vcr = 10 Vdc, I, = 2 mAdc, f = 200 mc ; 
All Types 


CE =10 Vde, 1, = 2 mAdc, f = 200 mc 


Noise Figure 
2N3287, 2N3288 
2N3289, 2N3290 


Voz = 5.0 Vdc, Ip = 20 mAdc, f = 200 mc 
2N3287 
2N3289 
2N3288, 2N3290 


Power Gain (AGC) 


ic 


Note 1, Cob is measured in guarded circuit such that the can capacitance is not included. 
Note 2. AGC is obtained by increasing Ic. The circuit remains adjusted for Vop = 10 Vdc, I¢ = 2 mAdc operation. 


NEUTRALIZED POWER GAIN AND POWER GAIN AND NOISE FIGURE 
NOISE FIGURE versus FREQUENCY versus COLLECTOR CURRENT 


Common emitter: f = 200 mc 
(neutralization and tuning set 
at Vee = 10V, Ie = 2 mA) 


NF, NOISE FIGURE (db) 


G,, POWER GAIN (db) 


G,, POWER GAIN (db) 
NF, NOISE FIGURE (b) 


0 
0 2 4 6 8 1012 14 16 18 20 
REQUENCY (mc) Ic, COLLECTOR CURRENT (mA) 


0 
F 
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Motorola High-Frequency Transistors 


Vero = 20-25V 
2N3291 thru 2N3294 G. = 14-16 db @ 200 Mc 
NF = 8db @ 200 Mc 


NPN silicon annular transistor for TV and FM mixer, 
RF and IF amplifier and general-purpose, low-noise, 
@ high-gain amplifier applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Character somite | eaase | 
Collector - Base Voltage VcBo | 20 | Volts | 
[ra 

0 


a 
[canwcor= eniner vans | Yeas | 
faxo [90 [ _s0_| vou 
—comeurcrnt fe | = | 
oti 
= 


Emitter - Base Voltage | Yepo | 
- Power Dissipation at 25°C Case 
Above 25°C derate 1.71 mW/°C 


Storage Temperature 


NEUTRALIZED POWER GAIN 
AND NOISE FIGURE versus FREQUENCY 


fe LS eae ee 


Common emitter: f = 200 mc 
(neutralization and tuning set 
at Veg = 10V, tc = 2 mA) 


NF, NOISE FIGURE (db) 
NF, NOISE FIGURE (db) 


G,, POWER GAIN (db) 
G,, POWER GAIN (db) 


10 20 40 60 100 200 400 600 1000 2000 4000 0 2 4 6 8 10 «12 14 16 18 20 
FREQUENCY IN MEGACYCLES Ic, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N3291 thru 2N3294 (Continued) 


ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted 


characters | Symi | ____tetcandtoms | wm | tr» [ox [unr 


Collector-Emitter = 25 wAdc, Vpap = 0 Vdc 
Breakdown Voltage 2N3291, 2N3292 
2N3293, 2N3294 


Collector Cutoff Current Vos = 10 Vdc, le = 0 }— |.01 [0.1 Ju aac] 
Emitter Cutoff Current Trezo | VEp = 0.5 Vde. Ic = Pea |e eee) 


DC Forward Current Vcr = 10 Vdc, Io = 2 mAdc 
Transfer Ratio 


AC Current Gain = 10 Vdc, z= = 2mdAdc, f = 1 ke 


AC Current Gain Vor * 10 Vdc, Ie = 2 mAdc 
100 mc 
Collector-Base Time lp C. Vop = 10 Vdc, Ic = 2 mAdc psec 
Constant f = 31.8 mc 
Maximum Frequency Ver = 10 Vdc, Ic = 2mA 
of Oscillation 


2N3291 


|PowerGain |e 
; Vcr = 10 Vdc, Ic = 2 mAdc, 
Noise Figure NF f = 200 mc 


Power Gain (AGC) G. Note 2 
Vor = 5 Vdc, Ic = 20 mAdc 
f = 200 mc 


[Power Gain ce 
Noise Figure NF | 


Power Gain (AGC) 
VcE = 5 Vdc, Io & 20 mAdc 
f = 200 mc 


2N3293 


10 Vdc, Ic = 2 mAdc 
200 mc 


Note 1. C,) is measured in guarded circuit such that the can capacitance is not included. 
Note 2. AGC is obtained by increasing Ic. The circuit remains adjusted for VcE = 10 Vdc, Ic = 2 mAdc operation. 
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Motorola High-Frequency Transistors 


Gp_= 17 db @ 30 Mc Typ 


2N3295 P, = 0.3 W PEP @ 30 Mc 
1, = 32 db @ 30 Mc 


m 
NPN silicon annular Star transistor for linear am- 
plifier applications from 2 to 100 Mc. 
CASE 31 
(TO-5) 


MAXIMUM RATINGS (Note) 


Characteristic 
Collector-Base Voltage CBO | 60 
Collector-Emitter Voltage VoEs p60 Vde 


Emitter-Base Voltage 
Collector Current (Continuous) 


Total Device Dissipation 
(25°C Case Temperature) 
Derate above 25°C 


Total Device Dissipation 
(25°C Ambient Temperature) 
Derate above 25°C 


Junction Temperature Range -65 to 175 
Storage Temperature Range -65 to 175 


Note The maximum ratings as given for DC conditions can be exceeded ona 
pulse basis. See Electrical Characteristics. 
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Motorola High-Frequency Transistors 


2N3295 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted ) 


Characteristic 


Collector-Emitter Current lors 


—_ 
© 
© 


500 | u Adc 


Collector Cutoff Current Iopo Vor = 50Vdc, I, = 0 77] OL} a Ade 
Emitter Cutoff Current | Tepo | Vip = 5 Vde, 1, = 0 a 100 | u Adc 
I, = 10mAdc, 

DC Current Gain Der - 10Vdc 

Collector-Emitter V CE(sat) Vdc 
Saturation Voltage 

Base-Emitter Ver(sat) | Io = 150mAdc, 
Saturation Voltage I, = 15mAdc --| 2.0] Vdc 

Collector-Emitter CES(sus) | Ic = 109MA, Rpg =9 Volts 
Sustain Voltage . 


0 


Collector-Emitter Open = 100mA, I 


Base Sustain Voltage 


B. 


AC Current Gain = 10Vdc, 


= 10mAdc, f=50mc 


Collector Output 
Capacitance 


Vop = 10Vdc, 1, = 0, 


f = 100kc_ 


| S 
se = 
ifs) % 


~ Power Input (PEP) (Note 1) 


P, 
in 


-| Intermodulation (0.15 W rms) 
Distortion Ratio f = 30mc, Vor = 15.0Vdc 
Efficiency ae Io(max) = 40m4 


* Pulse= 100 usec, Duty Cycle = 2% 
Note 1. PEP. Peak Envelope Power 


bs ’ ' 
oe t ' 


BRC 
= 
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2N3295 (Continued) 


Ic, PEAK COLLECTOR CURRENT (mA) 


Pout, POWER OUTPUT (WATTS - PEP: 


Pous, POWER OUTPUT (WATTS - PEP) 


SAFE OPERATING AREA 


eee ece esi Nestea 
ee = 


0.5 «SEC. PULSE WIDTH 
50% DUTY CYCLE 


500 


10 20 30 40 50 60 


Veg, COLLECTOR - EMITTER VOLTAGE (VOLTS) 


Leela — OUTPUT-FOR GIVEN |,, DISTORTION LEVEL 


ln INTERMODULATION DISTORTION (db BELOW SIGNAL) 


Motorola High-Frequency Transistors 


Pout, POWER OUTPUT (WATTS - PEP) 


Pout, POWER OUTPUT (WATTS - PEP) 


POWER OUTPUT versus FREQUENCY 


[eS wa 
TUM AN 


10 40 60 80 100 400 
f, FREQUENCY (MC) 


POWER OUTPUT versus OPTIMUM BIAS 


ee pt), OPTIMUM NO — SIGNAL COLLECTOR CURRENT (mAdc) 


OUTPUT CHARACTERISTICS versus POWER INPUT 


50 


MINIMUM |, DISTORTION ee a 
vegnisve | [| | Pet 


mJ 
» 
P=) 
n, COLLECTOR EFFICIENCY (%) 


0 1 2 3 4 5 6 7 8 9 10 
Pin , POWER INPUT (mW — PE 


pa} 


Pout » POWER OUTPUT (WATTS - PEP) 
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EON AT 
ECCON CNG 
SEeENae 
SeeeRe 
n, COLLECTOR EFFICIENCY (%) 


RTION 


UM I, DISTO 
CE 15 Vde 


Eee NT INET 


0 0.05 0.1 0.15 0.2 025. 
P._ POWER INPUT (mW — PEP) 


Motorola High-Frequency Transistors 


P, = 3WPEP @ 30 MC 
2N3296 I, = 35 db @ 30 Mc Typ 


NPN silicon annular transistor for linear amplifier 
applications from 2 to 100 Mc. 


ee 
[sane oss | Yong | 
cateoor-emiter vores | Yess | 0) 
ennersue vols | Yon | #0 
Te [er 
ae 


Watt (PEP) 
Watts (PEP) 


[Bee caret Comino) —_ 
) 


Total Device Dissipation 
(25°C Case Temperature) 
Derating Factor above 25°C 


Total Device Dissipation at 
(25°C Ambient Temperature) 
Derating Factor above 25°C 


Note 1: The maximum ratings as given for a conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 
Note 2: PEP = Peak Envelope Power. 
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Motorola High-Frequency Transistors 


2N3296 (Continued) 


ELECTRICAL CHARACTERISTICS 


Collector - Emitter Sustain " CEs(sus) c= 8. O0A, Ryp = 9 
Voltage 
Collector Emitter-Open "CEO(sus) Ta = 0.200A, IB =0 
Base Sustain Voltage 


Tors 

IoBo 

hoe 
¥ 


Collector-Emitter Current 


Collector-Cutoff Current 
Emitter-Cutoff Current 


CE™ 2.0Vdc. 
DC Current Gain ="40mAdc 
C 
E* 2.0Vdc, 
= 400mAdc 
Collector-Emitter CE(sat) eran 
Saturation Voltage 
Emitter-Base "BE(sat) | °C 
Saturacon Voltage I, 


AC Current Gain .UVdc, 
40mAdc,f = 50mc 


Collector Output cB = 29Vdc, 1, = 9, 
Capacitance f = 100kc 


= 50Vdc, V 
T, = +175°C 


Power Input (PEP) 
= 3.0 Watts (PEP) 
Intermodulation 7 
Distortion Ratio = 30 Volts, f = 30mc 
= 125mA 


I 
Efficiency | n C(max) 


*Pulse Test. Pulse Width = 100 wsec. Duty Cycle = 2%. 
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2N3296 (Continued) 


Ic, PEAK COLLECTOR CURRENT (mA) 


Pous POWER OUTPUT (WATTS - PEP) 


Pout POWER OUTPUT (WATTS - PEP) 


SAFE OPERATING AREA 


0 10 20 30 
Vee, aie: yore sictaae ‘ide 


aye POWER OUTPUT FOR GIVEN I,, DISTORTION LEVEL 


lms INTERMODULATION DISTORTION (db BELOW SIGNAL) 


OUTPUT CHARACTERISTICS ve 


30 MC 


Pin sie INPUT ae PEP) 


Motorola High-Frequency Transistors 


Pout, POWER OUTPUT (WATTS - PEP) 


Pour, POWER OUTPUT (WATTS - PEP) 


», COLLECTOR EFFICIENCY (%) 
Pu. POWER OUTPUT (WATTS - PEP) 
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POWER OUTPUT versus FREQUENCY 


10 ' 20 40 60 80 100 


-f, FREQUENCY (MC) 


POWER OUTPUT versus OPTIMUM BIAS 


c 
ARE ee DSTRTION 
Coes oC 


ee 
oe ee CC ese | 
CCE 


4 12 14 
letopt), OPTIMUM NO — SIGNAL COLLECTOR CURRENT (mAdc) 


rsus POWER INPUT 


n, COLLECTOR EFFICIENCY (%) 


P in ee INPUT as PEP) 


Motorola High-Frequency Transistors 


Gpe= 13 db @ 30 McTyp 


| P, = 12 W PEP @ 30 Mc 
2no2al |, = 33 db @ 30 McTyp 


NPN silicon annular transistor for linear amplifier 
applications for 2 to 100 Mc. 


CASE | 
(TO-3) 


MAXIMUM RATINGS 
Collector-Base Voltage Ss 


Collector-Emitter Voltage 


Emitter Base Voltage a en oe 
Collector Current (Continuous) | to | 1-8 | Ade 


ee 5.0 Watts 
mwW/°C 


Note: The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical characteristics 


Total Device Dissipation 
@ 25°C Case Temperature 


Derating Factor above 25°C 
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Motorola High-Frequency Transistors 


2N3297 (Continued) 


ELECTRICAL ee (At 25°C Ambient unless otherwise noted) 


= a 

Collector-Emitter VoErs(sus) = 0.250A, Rop = 100 Volts 
Sustain Voltage 

Collector Emitter-Open VoEO(sus). = 0. 250A, In olts 
Base Sustain Voltage 


Collector-Emitter 
Current 


Collector-Cutoff Current oe = 30Vdc, i er 
Emitter-Cutoff Current | Tepo [Yep = 3Vdc, Ia Gai i 2 


= 400mAdc, 
DC Current Gain = 2Vdc 


Collector-Emitter VCE(sat) =1Adc, 1, = 500mAdc Vdc 
Saturation Voltage 

Emitter-Base ; VB E(sat) In = =1Adc, I, = 500mAdc Vdc 
Saturation Voltage 


= 2Vdc, 


CE 
Ce 400mAdc, f = 50mc 


Collector Output CE* 25Vdc, I, = 


Capacitance 
f = 100kc 


Power Input (PEP) 
Note 2 
= 12 Watts PEP 
Intermodulation = 30 Volts, f= 30mce 
Distortion Ratio ~ 
C(max) = 0-50 Amp 


* Pulse Test: Pulse Width = 100 usec, Duty Cycle =2% 
Note 2. PEP. Peak Envelope Power 
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Motorola High-Frequency Transistors 


2N3297 (Continued) 


POWER OUTPUT versus FREQUENCY 


SAFE OPERATING AREA 


+e re) 
A | 


° 
wm 
N 


INE TT tt tt 
EAMe We ole sie Jere! Teale 
2a Ree ee 

N 

if 

ei 

ai 


(¥) LNJYYND YOLITTION WWad ‘91 


f, FREQUENCY (MC) 


Voce, COLLECTOR - EMITTER VOLTAGE (VOLTS) 


POWER OUTPUT versus OPTIMUM BIAS 


MAXIMUM POWER OUTPUT FOR GIVEN |,, DISTORTION LEVEL 


may aa: 
f aE ARE? 
ete eam De 
LITTT TTT, 


{ddd - SLIVM) LNdLNO YIMOd *"°d 


Ictopt), OPTIMUM NO — SIGNAL COLLECTOR CURRENT (mAdc) 


Im, INTERMODULATION DISTORTION (db BELOW SIGNAL) 


OUTPUT CHARACTERISTICS versus POWER INPUT 


30 MC 


(%) AINII94439 HOLDITIOO 


(ddd - SLLVM) LMdiNO Y3MOd *"°d 


(%) AQN3ID14d3 HO193TI09 ** 


oe = _ 8 


(dad - SLLVM) LNd1NO YIMOd 4"°d 


0.06 0.08 010° 0.12 


*' in, POWER INPUT (WATTS - PEP) 


P in, POWER INPUT (WATTS - PEP) 
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Motorola High-Frequency Transistors 


Voes = 25V 
2No298 P, = 60-100 mW @ 80 Mc 


NPN silicon annular transistor for power oscillator 


CASE 22 eee 
(TO-18) applications to 150 Mc. 


MAXIMUM RATINGS 


Total Device Dissipation 


(25°C Case Temperature) 
Derate Above 25°C 


Total Device Dissipation 
(25°C Ambient Temperature) 
Derate Above 25°C 2mW/°C 


80 MC OSCILLATOR POWER OUTPUT TEST CIRCUIT 


12 pt 
2N3298 


R, 
502 
BOLOMETER 


L,—4 TURNS #22 WIRE 
ON 44” COIL FORM 


—12V QO 
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Motorola High-Frequency Transistors 


2N3298 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 


Collector- Emitter I cto HAde, V Vde 
Collector- Emitter Open Io =10mA. I..=0 


p10 Vdc, In =0 


Collector Cutoff Current * =10 Vac, I -0, an =150°C 


cn a oe rm Seo 
ore ermine Leffel — 


AG Cuaseae Gala ne | = Vde, I,=10mAde, f= 100me i, epee ae 


*Pulse Width = 300 usec, Duty Cycle =2% 


f=80 mc 
V,~~,=12 Vde 
=20 mA 


cc 
To(max) 


NORMALIZED DC CURRENT GAIN fr versus COLLECTOR CURRENT 
versus AMBIENT TEMPERATURE 


hyp, NORMALIZED DC CURRENT GAIN 
fr, GAIN-BANDWIDTH PRODUCT (MEGACYCLES) 


sh 


0.6 
—7§ —50 —25 O +25 +50 +75 +100 +125+150 +175 
T,, AMBIENT TEMPERATURE (°C) 


I-, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


Gpe = 17 db @ 200 Mc 
peeved NE = 5-6db @ 200 McTyp 
2N 


PNP silicon annular transistors for high-gain, low- 
22 : noise amplifier, oscillator, mixer and frequency mul- 
tree | tiplier applications. 


MAXIMUM RATINGS 


Characteristics 


Collector Current | 


Power Dissipation at To = 25° 
Above 25°C derate 


Power Dissipation at T A= 25°C 
Above 25°C derate 


COMMON EMITTER AVERAGE SMALL POWER GAIN 


& NOISE FIGURE versus COLLECTOR CURRENT NOISE FIGURE versus FREQUENCY 


Vee= —10 Vde ———— TUNEDATIic ~2mAdc ONLY. 
f — 200 me ome TUNED AT EACH TEST CURRENT. 


Pee SR eeS 
MERRNG 
ede TS 


Vee = -15¥de 
Vet =—5 Vde 


= 
7 


8 
IN 
LS 


NF, NOISE. FIGURE (db) 


le = ~2mAdc 
Re — 50 ohms 


G,. & NF, POWER GAIN & NOISE FIGURE (db) 


Ic, COLLECTOR CURRENT (mAdc) f, FREQUENCY (me) 


8-178 


Motorola High-Frequency Transistors 


2N3307, 2N3308 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


| __—haracteristics | Symbol | Test Conditions, | Min | Typ | Max | Unit _| 


Collector-Base Breakdown Voltage Io = -10 Adc, Ip =0 


2N3307 
2N3308 


Collector-Emitter Breakdown Voltage Io = -10 wAdc, VBE =0 
2N3307 


2N3308 


Collector-Emitter Breakdown Voltage 


BVcpo 
BVcEs 
BVcro 
IoBo 
hee 
Vv 2 


= -2.0 mAde, I, = 0 


I 
: 2N3307 
2N3308 


Both Types 


Ip 7-10 wAde, Ip = 


Von = -15 Vdc Both Types -0.001 | -0.010 | pAde 
Von = -15 Vdc, T = 150 °C 2N3307 -0.5 -3.0 


Collector Cutoff Current } feso | 
DC Current Gain Vog = 710 Vde, I, = -2 mAdc 
2N3307 
2N3308 


Collector-Emitter Saturation Voltage I, = ~3 mAdc, I = -0.6 mAdc Both Types 
Base-Emitter Saturation Voltage VBE aot Io = -3 mAdc, Ih = -0. 6 mAdc Both Types Paes ee uate 4 


AC Current Gain 


2N3307 
2N3308 


Output Capacitance 
2N3307 
2N3308 


Collector -Base Time Constant 
2N3307 
2N3308 


c* -2 mAdc 


Power Gain 


Noise Figure 
2N3307 
2N3308 


Power Gain (AGC) 
2N3307 
2N3308 


Note 1, Cop is measured in guarded circuit such that the can capacitance is not included. 


Note 2. AGC is obtained by increasing lu. The circuit remains adjusted for V_... = -10 Vdc, Ia = -2 mAdc operation. 


CE 


SMALL SIGNAL CURRENT GAIN versus FREQUENCY MAXIMUM AVAILABLE GAIN versus FREQUENCY 


|| ce 
Pccileedhce Hie 
g Pallas sie dod g 
7 Poses lt alk: fl 3 
2 ae ae 3 
2 ea S 
Z = 
2 || nel = 
re 
2 ae = 
LSS 
es 
f, FREQUENCY (mc) f, FREQUENCY (mc) 
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Motorola High-Frequency Transistors 


2N3309 Gr: = 8 db @ 250 Mc Typ 
P,=2W @ 250 Mc 


NPN silicon dnnular transistor for power amplifier 
and driver applications to 500 Mc. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


ea Se A 
[eae tae Yegy 
[scorers [ven | 
a 
a 
[acne | ye 
[—wrieeneoee | 
[wowed] 


Total Device Dissipation 
(25°C Case temperature) 
(Derating Factor above 25°C) 


Total Device Dissipation at 
25° Ambient 
(Derating Factor above 25°C) 


Junction Temperature 


Storage Temperature Range 


NOTE: 


The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See Electrical 
Characteristics. 


POWER OUTPUT versus 
COLLECTOR EMITTER VOLTAGE (250 mc) 


G,, Power Gain (db) 
P+, Power Output (Watts) 


a in ao ing (mW) Vee, Collector-Emitter Voltage (Volts) 
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Motorola. High-Frequency Transistors 


2N3309 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristics | Symbol Test Condition 


Cc 


ear 

| ia 

° i) 

Collector -Cutoff Current Vop = 25 Vde, 1, = 0 ane 
Emitter-Cutoff Current Ves = 3 Vdc, Io =0 za 
: Lea 


Collector Emitter-Open Base 


1, =100mA, Ip = 0 
Sustain Voltage 


Cc 


Collector-Emitter Current cE * 50 Vdc, Var =0 


E* 25 Vdc, V 


BE* 9 


v 
Vo 
T 


= +150°C 


v 
DC Current Gain Io = 30 mAdc, 
Vor = 2.0 Vdc 
I, = 250 mAdc, 
Vor = 2.0 Vde 


Collector -Emitter Saturation I = 250 mAdc, L, = 65 mAdc 
e 
Emitter-Base Saturation Voltage VBE(sat) 1, = 250 mAdc, = 65 mAdc 


AC Current Gain 


Collector Output Capacitance Vop = 15 Vdc, Ip =0, 
{ = 100 ke 


in 7 400 mW max, f = 250 mc 


cE = 25 Vde, Toray) = 160 mA 


* Pulse Width = 100 sec, Duty Cycle = 2% 


** In functional test, Py a is fixed at 2.0 watts and P _ ig monitored to be 400 mW maximum. 


POWER versus FREQUENCY OUTPUT CHARACTERISTICS (250 mc) 
125 
Veg = 25 Vde 
a i 
3 ee \ 2 = 
oO a > ~ 
Qa ~ — o 
| \ =. Oe 
5 3 & 3 
t= ® _ z=) 
- 3g 8 50° 
a? = 
a° 
25 
0 0 
100 200 300 400 500 600 700 0 100 200 300 - 400 500 
f, Frequency (mc) Pins Power Input (mW) 
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Motorola High-Frequency Transistors 


Gp= 7.4 db @ 250 Mc 
2n3309A P, = 2.2 W @ 250 Mc 


NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. 


CASE 24 


Total Device Dissipation 
(25°C Case Temperature) 
.(Derating Factor Above 25 C) 


Total Device Dissipation at 
25° Ambient 
(Derating Factor Above 25 C) 


Note: The maximum ratings as given for DC conditions can be exceeded ona 
pulse basis. See Electrical Characteristics. 
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Motorola High-Frequency Transistors 


2N3309A (Continued) 


ELECTRICAL CHARACTERISTICS at 25°C ambient temperature unless otherwise noted) 


Collector-Emitter Current = 50 Vdc, Ver = 
= 25 Vdc, Vor =0 


Collector-Cutoff Current me = 25 Vdc, I. 
Emitter -Cutoff Current eso | Yep=*¥8%to9 = 4 Vdc, eso | Yep=*¥8%to9 


DC Current Gain 


Collector-Emitter Saturation = 250 mAdc, IB = 50 mAdc 
VcK(sat) 
Voltage 
Emitter-Base Saturation Voltage Vor (sat) = 250 mAdc, I, = 50 mAdc 


= 15 Vdc 


AC Current Gain Vor 


I, = 30 mAdc, f = 100 me 


Collector Output Capacitance V CB= 15 Vdc, Ip = 
f = 100 kc 


Power Output 
TEST CIRCUIT 
= 25 Vdc, To(max) = =176mA 
Efficiency 


*Pulse Width = 100 psec, Duty Cycle = 2% 
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Motorola High-Frequency Transistors 


ey ee 100 Mc 


INGSLO 3 
PNP germanium epitaxial transistors for FM RF, 
IF, mixer and oscillator and AM RF, IF and converter 
CASE 22 eae 
(TO-18) applications. 


MAXIMUM RATINGS 


[em fo | 

Collector-Base Voltage |_cvtecir-nae votnen | ono || vote 
seen vane | ene | | om 
ee 


Total Device Dissipation 
25°C Case Temperature 
Derate Above 25°C 


Total Device Dissipation 
25°C Ambient Oe a 
Derate Above 25°C 


Junction Temperature 
Storage Temperature Range 


PS comsrunes | TUT 
A No 
Ge CO CNC 
SRC 
Pt 
CES munitil 


Voce = 10 Vde 
— Neer mani ct 

CA oon NTT 
EEE SST 


10 20 4060 10 20 40 60 100 200 400600 1000 
f, FREQUENCY (mc) 


POWER GAIN AND AC CURRENT GAIN versus FREQUENCY 


G,, POWER GAIN (db) 
fe» AC CURRENT GAIN (db) 


Nm 
Oo 
hy 
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Motorola High-Frequency Transistors 


2N3323 thru 2N3325 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 


Collector Cutoff Current = lie be (ee ae 
Emitter Cutoff Current wee 


DC Current Gain 
AC Current Gain 


Current-Gain — 
Bandwidth Product 


Collector-Base Time 
Constant 


Output Capacitance 


Maximum Frequency f CR = 10 Vac, 
Bak max | 
of Oscillation Ta = 3mAdc 


tak Nal Sa aa 


ee 


Output Resistance, 
Parallel Equivalent 


Motorola High-Frequency Transistors —— 


2N3323 thru 2N3325 (Continued) 


ELECTRICAL CHARACTERISTICS (continued) 


conaete [om] onttow [om] Pom] oe 


2N3323 


Test Circuit Fig.l 
V = 10 Vdc, 


= 3 mAdc 
f = 100 mc 


Power Gain 


2N3324 


Test Circuit Fig, 2 


V = 10 Vdc, 
Power Gain CE 


Ia = 3 mAdc 


f=10me 


FIGURE 1: 100MC POWER GAIN TEST CIRCUIT — 2N3323 


7-45 pf 
L, — 11 TURNS #28 AWG. 3/16” ID. 
SUPPLY TAP 7 TURNS FROM 
COLLECTOR END. 
NEUTRALIZATION — 4 TURNS. 


a. 
3-12 pf 
R, = 500 7-45 pt 
e y 


9 
eS 
©; 


15-30 pf 


1K 3.9 ph 
2-8 of 0.002 pf 0.001 yf 


= —— — e e 
c 


FIGURE 2: 1OMC POWER GAIN TEST CIRCUIT — 2N3324 


51 pt 61 pf 
9.35 pf 


G 9-35pf 
25-300 pf . . 


C.05 pf 
Uyh 1K 
i of 9-35 pf | | 0.001 pf 
— — — e 7 ° a 
= = = = v. = 
L, — 24 TURNS OF #28 AWG WIRE. “e sa 
OAD TAP — 5 TURNS FROM COLLECTOR END 


SUPPLY TAP — 15 TURNS FROM COLLECTOR END 
NEUTRALIZATION — 9 TURNS 
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—— Motorola High-Frequency Transistors 


P, = 2.5 to 13.5 W @ 175 Mc 
2N3375 G, = 4.8-10 db @ 175 Mc 
2N3553 
2N3632 


NPN silicon annular transistors for high-power am- 
plifier and oscillator applications at VHF and UHF. 


\ 


CASE79 CASE 36 
2N3553 2N3375 
| 2N3632 


MAXIMUM RATINGS 
Characteristic 2N3553 2N3375 2N3632 
Collector-Base 
Voltage 
Collector-Emitter 
Voltage 
Emitter-Base 
Voltage 


Collector Current 


Total Device 
Dissipation 
(Up to 25°C Case Temp. ) 


Derating Factor 
(Above 25°C Case Temp. ) 


Storage and Operating 
Temperature rst 65 to +200 


RF AMPLIFIER CIRCUIT FOR 2N3553 
POWER-OUTPUT TEST 
(50- & 175-Mc Operation) 


For 50-Mc Operation: 


Cy,C2: 24-200 pf Ly: 5 turns No.16 wire, 
C3: 32-250 pf 1/4" 1D, 1/2" long 
C3 C4: 7-100 pf Lo: Ferrite choke, Z = 450 ohm: 
TYPE , L3: 7-p~h choke 
Pin 2N3553 P ce: x oe 2 
OUT isc ceramic : 6 turns No.20 wire on 3,’8" 
(Zg*50 OHMS) (2.250 OHMS) C6: 2,000 pf : coil ate (slug-tuned), 
¢ 1-1/8" long 
C7: ieee ere Ry: 1.35 ohms, non-inductive 


(emitter grounded for 
13.5-volt operation) 


For 175-Me Operation: 


Cy,C2,C3,C4: 3-35 pf L3: 2 turns No.16 wire, 1/4" 1D, 
C5: Not used 174" long 
Cg: 1,000 pf CS ye ete ae er 1D 
+Vec 2 ek 
meee eielay C7: 0.005 yt ; Ry: Not used 
disc ceramic (emitter eon? 
Ly: 2 turns No.16 to ground) 
wire, 3/16* ID, 
1/4" long 


L9: Ferrite choke, 
Z = 450 ohms 
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Motorola High-Frequency Transistors 
2N3375, 2N3553, 2N3632 (continued) 


RF AMPLIFIER CIRCUIT FOR 2N3553 
POWER-OUTPUT TEST 
(260-Mc Operation) 


Cy 


Pin 
OSCILLATOR CIRCUIT FOR 2N3553 OR 2N3375 (2ge0 Ons) Hy 
POWER-OUTPUT TEST 
(500-Me Operation) 


+Voc2 28 V 
O 


ousess 
OR 2N3375 


+Vec*26 Vv 
zL*50 9208-12740 
OHMS : 
Cy Ca: 1.5-20 pf La: 3/16" wide copper 
1 C2,Cg: 3-35 pf : ae v/ a long 
~Veer0-20 V 92cs-12 740m = 1, bong 3° 7. ASO ohme’ 
6: 9.005 suf, Lg: 1/2 turn 3/16" wide 
i disc ceramic 4 copper strip, 1/4" ID 
}. 4 turns No. low ire, de: 2 turns 3/16" wide 
3/8" 1D, 3/8" long 5 copper strip, 1/4" ID 
172" long 


ELECTRICAL alae Le (At 25°C) 


Collector-Cutoff Current 
(Vor = 30 V, I, = 0) 2N3375 
2N3553 
2N3632 


Collector-Base Breakdown Voltage 
(IQ = 0.1 mA, I, = 0) 2N3375 
(IQ = 0.3 mA, I, = 0) 2N3553 
(Iq = 0.5 mA, I, = 0) 2N3632 


Collector-Emitter Breakdown Voltage 
(I, = 200 mA, I, = 0) 2N3375 
2N3553 
2N3632 


Emitter-Base Breakdown Voltage 
(I, = 0, I, = 0.1 mA) 2N3375 


(I, = 0, I, = 0.1 mA) 2N3553 
(I, = 0, I, = 0.25 mA) 2N3632 


Collector-Emitter Saturation Voltage 
(I, = 500 mA, I, = 100 mA) 2N3375 


(In = 250 mA, I, = 50 mA) 2N3553 
(In = 500 mA, I, = 100 mA) 2N3632 


Gain-Bandwidth Product 
(V CE =28V,1_=150 mA) 2N3375 


(VoRp=28V, 1Q=100 mA) 2N3553 
(Vop=28v, T,=150 mA) 2N3632 


Power Output 
(Pin = 1W, f= 400 Mc, Vor = 28 V) 2N3375 | 
(P,. = 0.25 W, f=175 Mc, V,i= 2N3553 


(P= 3.5 W, £= 175 Mc, Von = 2N3632 


Efficiency 
(Pin = 1W, f = 400 Mc, Vor = 28 V) 2N3375 
(P. =0.25 W, f=175 Mc, V 
in 


cE = 28 V) 2N3553 
(P, = 3.5 W, f= 175 Mc, Voz = 28 V) 2N3632 


CE 
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Motorola High-Frequency Transistors 


2N3375, 2N3553, 2N3632 (continued) 

2N3375 
GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT POWER OUTPUT versus FREQUENCY 
700 


GAIN-BANDWIDTH PRODUCT (,,) - Mc 
RF POWER OUTPUT (Poy) - WATTS 


(TQ) = 25°C 
200 
0 50 100 150 200 250 300 100 200 300 400 
COLLECTOR CURRENT (IQ) - MA FREQUENCY - Mc 
2N3553 
GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT POWER OUTPUT versus FREQUENCY 


GAIN-BANDWIDTH PRODUCT (f7) - Mc 
RF POWER OUTPUT Poy - WATTS 


20 40 60 80'100 200 400 — 15 100 150 200 300 400 
COLLECTOR CURRENT I) - MILLIAMPERES FREQUENCY - Mc 
2N3632 
GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT POWER OUTPUT versus FREQUENCY 


Vor) = 28 VOLTS 


(T 25°C 


c) = 


GAIN-BANDWIDTH PRODUCT (fp) - Mc 
RF POWER OUTPUT Poy) - WATTS 


1 . 
50 60 80 100 200 300 
)- MA FREQUENCY - Mc 
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COLLECTOR CURRENT (a 


Motorola High-Frequency Transistors 


ong444 For Specifications, See 2N3252 Data Sheet 
| Vceo = 40-50 V 

2n3467 i= A 

2n3468 f; = 150-175 Mc 


PNP silicon annular transistors for high-speed 
CASE 3] Switching and driver applications. 
(TO-5) 


MAXIMUM RATINGS 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 
Collector Current 


Total Device Dissipation @ T, 25°C 
Derating Factor Above 25°C 


Total Device Dissipation @ T, = 25°C 
Derating Factor Above 25°C 


Junction Temperature, Operating +200 


Storage Temperature Range -65 to +200 


THERMAL RESISTANCE _ @,, (air) = 0.175°C/mW 
6). (case) = 35°C/W 


STORAGE TIME VARIATION WITH TEMPERATURE LIMITS OF SATURATION VOLTAGE 


100 eee ee eG 


200 


bee te 
le = 10 fs, = 10 I,, 


t’,, STORAGE TIME (nsec) 
~ 
So 
Vist}, SATURATION VOLTAGE (VOLTS) 


50 70 100 200 300 500 700 1000 
le, COLLECTOR CURRENT (mA) lc, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N3467, 2N3468 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Min Max Unit 


Collector Cutoff Current 
(Vop = 30 Vdc, Ip = 0) 
: = = 9%) 
(VGp = 30 Vde, Ip = 0,T, = 100 


Collector Cutoff Current 
(Vag = 30 Vde, Vog = 3 Vdc) 


Base Cutoff Current 
(V CE = 30 Vdc, Voz = 3 Vdc) 


Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, Ip = 0) 2N3467 
2N3468 


Collector- Emitter Breakdown Voltage* 
(Ic = 10 mAdc, Ip = 0) 2N3467 
2N3468 


Emitter-Base Breakdown Voltage 
(Ip = 10 pAdc,Io = 0) 


Collector Saturation Voltage* Vv * 
CE(sat) 
(Ic = 150 mAdc, Ig = 15 mAdc) 2N3467 
2N3468 


(Ic = 500 mAdc, I, = 50 mAdc) 2N3467 
2N3468 


(Ig = 1 Adc, Ig = 100 mAdc) 2N3467 
2N3468 


Base-Emitter Saturation Voltage VBEE(sat)* 
(Ic = 150 mAdc, Ip = 15 mAdc) 


(Ic = 500 mAdc, Ip = 50 mAdc) 
(Ic = 1 Adc, Ip = 100 mAdc) 


DC Forward Current Transfer Ratio* 
(Ic = 150 mAdc, Vor = 1.0 Vdc) 2N3467 
2N3468 


(Ig = 500 mAdc, Veg = 1.0 Vdc) 2N3467 
2N3468 


(I. = 1 Adc, Vag = 5 Vdc) 2N3467 
y 2N3468 


Output Capacitance 
(Vop = 10 Vdc, Ip = 0, f = 100 ke) 


Input Capacitance 
(Vop = 0.5 Vdc, Ic = 0, f= 100 kc) 


Current-Gain - Bandwidth Product 
(Ig = 50 mAdc, Vor = 10 Vdc, f = 100 mc) 2N3467 
2N3465 
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Motorola High-Frequency Transistors 
2N3467, 2N3468 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic Symbol Min = Max Unit 


Delay Time 


(I, = 500 mA, I,, = 50 mA, V,, = 
Rise Time ‘c V, Voc = 30-¥) ’ OB 


_ Storage Time 
: (In = 500 mA, Ip, = Ippo = 50 mA, Voc =30 V) 
Fall Time c gee a 


Total Control Charge 
(Ig = 500 mA, Ip = 50 mA, Voc = 30 V) 


* Pulse Test: PW < 300 ,sec, Duty Cycle = 2% 
MINIMUM CURRENT GAIN CHARACTERISTICS 
70 


—_ 


Ty = —55°C 


hee, MINIMUM CURRENT GAIN 


tT 
Pt UA 
an .0/0U8 


| 


- 
i 
7 


50 70 100 200 300 500 700 1000 
Ic, COLLECTOR CURRENT (mA) 


MINIMUM CURRENT GAIN CHARACTERISTICS 


a 2N3466 


hee, MINIMUM CURRENT GAIN 


Ic, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N3485, A 
2n3486, A 


For Specifications, See 2N2904 Data Sheet 


2n3493 Nao = Sy 
ops Cor = 0.7 pf 
@ | | Cio = 0.7 pf 
NPN silicon annular transistor for high-speed micro- 


power logic switching. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristics Symbol Rating Unit 


= V 
Collector-Base Voltage Vopo 12 dc 
= i V 
Collector-Emitter Voltage Voro 8 dc 
ae V 
Emitter-Base Voltage VERO | 5 dc 
Total Device Dissipation @ To = 25°C Py 250 mW 
Derate above 25°C 1.43 mW/°C 
Total Device Dissipation @ T A 25°C Py 150 mW 
Derate above 25°C 0. 86 mW/°C 
Junction Operating Temperature Range T J -65 to +200 =C 
Storage Temperature Range Lares -65 to +200 °C 


THERMAL RESISTANCE 4,, = 1.16°C/mW_  93c = 0.70°C/mW 


MINIMUM CURRENT GAIN CHARACTERISTICS 


ee 
a one sai 


~ fee, DC CURRENT GAIN 


wi 
Hie 
te 
= 
ed 
so 
; 


Soe Se eS es 
PAYA, 


ic, COLLECTOR CURRENT (mA) 
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— Motorola High-Frequency Transistors 


2N3493 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristics | Symbol Min Max Unit 


Collector Cutoff Current 
(Vor = 6 V, Ven =2V) 
Base Cutoff Current 
(Vor =6V, Ves =2V) 
(Vor = 6 V, VER = 2 V, Ty = 150 °C) 


Collector-Base Breakdown Voltage 
(I, = 10 yA, I, = 0) 


Collector-Emitter Breakdown Voltage 
(Ip = 1 mA, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ip = 10 yA, Ia = 0) 


Collector-Emitter Saturation Voltage 
(Ig = 10 yAdc, Ip = 1 Adc) 
(I, = 100 pA, I, = 10 yA) 
(I, = 5 mA, Ip = 0.5 mA) 


‘Base-Emitter Saturation Voltage 
(I, = 100 LA, I, =10 uA) 


(I, =5 mA, I, = 0.5 mA) 
DC Forward Current Gain 


(I, = 10 yA, Vor = 0.5 V) 

(Ig = 100 yA, Vor = 0.5 V) 

(I, = 100 uA, Vor = 0.5 V (-55°C)) 

(I, = 500 pA, Vor = 0.5 V) 

(In =5 mA, Vor = 0.5 V) 
High Frequency Current Gain 

(I =1 mA, Vor = 3 V, f = 100 mc) 
Output Capacitance 

(Van =3V, I, = 9, f = 100 ke - 


Includes 0. 3 pF Can Capacitance) 
Input Capacitance 
(Vop = 9-5 V, I 


= 0, f = 100 kc) 


Cc 


7 G8 10 a ool 
CAPACITANCE VARIATIONS, ZERO BIAS REGION 


LIMIT 
a = TYPICAL 


PTET TT AAT TT TN TT 
COCO No 


Visat), SATURATION VOLTAGE (VOLTS) 
= 


C, CAPACITANCE (pF) 


NI 


at (et HE | Hh 
0.207 BEBE 
a 
A a RN 
5 0.4 0.3 02 0.1 0 0.1 0.2 0.3 0.4 0.5 0.10b LT eT Ey 


“0.01 0.02 0.05 Ol 02 05 10 20 5.0 
Ic, COLLECTOR CURRENT (mA) 


FORWARD BIAS (VOLTS) REVERSE BIAS (VOLTS) 
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Motorola High-Frequency Transistors 


2NG494 thru 2Nn3497 


Veco = 80-120 V 
f; = 150-200 Mc 


PNP silicon annular Star transistorsfor high voltage 
switching and DC to VHF amplifier applications. 


CASE 31 CASE 22 
(TO-5) (TO-18) 
2N3494 2N3496 
2N3495 2N3497 


MAXIMUM RATINGS 


sae atest NO ne 
(T0-5) (10-18) 


2N3494 | 2N3495 | 2N3496 | 2N3497 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current 
Total Device Dissipation 

@ To = 25°C 

Derate Above 25°C 


Total Device Dissipation 
@ Ta, = 25°C 
Derate Above 25°C 


Junction Temperature -65 to +200 


Storage Temperature -65 to +200 


SWITCHING CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


Turn-On Time A's 
(Voc = 30 V, Ic = 10 mA, Ip; = 1 mA, Vop = O) 
Turn-Off Time | 


(Voc = 30 V, Ic = 10 mA, Ip; = Igo = 1 mA) 


2N3494 thru 2N3497 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Collector-Base Breakdown Voltage 
(Ic = 10 pAde, Ip = 0) 


Collector- Emitter Breakdown Voltage* 
(Ic = 10 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 10 Adc, Ic = 0) 


Collector Cutoff Current 
(VcBR = 50 Vdc, Ip = Q) 


(Voz = 90 Vdc, Ig = Q) 


Emitter-Base Leakage Current 


DC Forward Current Transfer Ratio 
(Ic = 100 uwAde, Vcpg = 10 Vdc) 


(Ip 1 mAdc, Vcf= 10 Vde) 

(Ig = 10 mAdc, Vog = 10 Vdc) 
(Ic = 50 mAdc, Vog = 10 Vdc) 
(Ic = 100 mAdc, Vcr = 10 Vdc) 


Collector Saturation Voltage 
(ic = 10 mAdc, Ip = 4 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1 mAdc) 


Output Capacitance 
(Vop = 10 Vde, Ip = 0, f = 100 kc) 


Input Capacitance 
(Von = 2 Vdc, Ic = 0, f = 100 ke) 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, Vcg = 10 Vdc, f = 100 mc) 


Small Signal Current Gain : 
(Vcg = 10 V,Ic = 10 mA, f = 1 ke) 


Input Impedance 
(Vcg =10V,I¢ = 10 mA,f = 1 kc) 


Voltage Feedback Ratio 
(Vee = 10 V, Ic = 10 mA, f = 1 ke) 


Output Admittance 
(Vop= 10 V, Ic = 10 mA, f = 1 kc) 


Extrinsic Base Resistance 
(Vop = 10 V, Ic = 20 mA, f = 300 mc) 


* Pulse width < 300 psec, Duty Cycle = 2% 


Motorola High-Frequency Transistors 


2N3494, 2N3496 
2N3495, 2N3497 


2N3494, 2N3496 
2N3495, 2N3497 


All Types 


2N3494, 2N3496 . 


2N3495, 2N3497 
All Types 


All Types 
All Types 
All Types 
All Types 
2N3494, 2N3496 


2N3494, 2N3496 
2N3495, 2N3497 


All Types 


2N3494, 2N3496 
2N3495, 2N3497 


All Types 


2N3494, 2N3496 
2N3495, 2N3497 


All Types 
All Types 
All Types 


All Types 


All Types 
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(Ta = 25°C unless otherwise specified) 


VcE(sat) 


VBE(sat) 


Motorola High-Frequency Transistors 


2N3498 thru 2N3501 Vero = 100-150 V 


Ic = 300-500 mA 
Cob = 8-10 pf 


NPN silicon annular transistors for high voltage 
switching and low-power amplifier applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Maximum 


Symbol 2N3498 2N3500 Unit 
2N3499 2N3501 


Characteristics 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 
Collector Current 


Total Device Dissipation @ t= 25°C 
Derating Factor Above 25°C 


Total Device Dissipation @ To =25' C¢ 


Derating Factor Above 25°C 28.6 


Junction Temperature, Operating +200 


Storage Temperature Range -65 to +200 


Thermal Resistance 


0.175 
35 
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2N3498 thru 2N3501 (continued) 


hie (K OHMS) 


Motorola High-Frequency Transistors 


SMALL SIGNAL h PARAMETER CHARACTERISTICS 
(Vce = 10V, Ty = 25°C, f = 1kc) 


CURRENT GAIN 


ee 2N3499, 2N3501 


ee | 

Ste aanit: 
22H = 

ia 


400 


200 


TT 


Ic, COLLECTOR CURRENT (mAdc) 


INPUT IMPEDANCE 


ACA 
PN ee es Cte a 
COA tt 


\ \ 2N3499, 2N3501 


COOP NAC 


Sse NEI 
COCTTTTINSC CT 


a NS 


e eee TENS 
0.4 EC 


0.1 0.2 0.5 1.0 2.0 5.0 10 
Ic, COLLECTOR CURRENT (mAdc) 


5.0 


i 


Nee umhos) 


h,, * 10" 
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2 OUTPUT IMPEDANCE 


Ic, COLLECTOR CURRENT (mAdc) 


VOLTAGE FEEDBACK RATIO 


NG 
‘ 
| 
|_| 
ie 


0.5 1.0 2.0 
Ic, COLLECTOR CURRENT (mAdc) 


Lin af 2N3498, 2N3500 


a 
z 
a 
5 ial 


1.0 


ain 
NS 
NC 
NI 
max 
NE 


10 


Motorola High-Frequency Transistors 


2N3498 thru 2N3501 (continued) 


NORMALIZED DC CURRENT GAIN 


NORMALIZED DC CURRENT GAIN 


6y, TEMPERATURE COEFFICIENT (mV/°C) 


|i] pa a a0 =e: a 
(25°C to —55°C) . in mn 
5.0 
eT TTT a all 
. Wa 


se 1.0 
0 100 200 300 400 50 


CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 


Meats 
—t ttt = pies 


=, 


—— ame H+ PAS ~ 
Ne aa ae eeeeee a ne 

Fe a ae OE SON 
COC Se 


i 
To FPS NA 


100 200 500 


0.2 


0. 


— 


Ic, COLLECTOR CURRENT (mA) 


CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 


2N3500 -2N3501 
1= 25°C 


Ic, COLLECTOR CURRENT (mAdc) 


TEMPERATURE COEFFICIENTS JUNCTION CAPACITANCE VARIATIONS 


: er 100 
a (25°C to 125°C) 
Ove for Vee fsa at) 


a el i 50 


| fete | 


CAPACITANCE (pf) 


CUT NUT 


CCHIT ees 
COCot ail 


0.1 02 05 10 2.0 5.0 10 30 =—« 100 


Ie, COLLECTOR CURRENT (mA) REVERSE BIAS (VOLTS) 


(25°C to 125°C) 


2.0 


8-199 


——— Motorola High-Frequency Transistors 


2N3498 thru 2N3501 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Static Characteristics 


Collector Cutoff Current 


(Vaz = 50 Vdc, Ip = 0) 
=0. T 


(VaR 50 Vdc, Ip = 150 C) 


A 
= 15 Vdc. Ip = 0) 
> 15 Vdc, Ip = 0, Ty = 150 C) 


(Yop 

(Yop 
Emitter Cutoff Current 

(Von = 4 Vdc, I, = 0) 


Collector-Base Breakdown Voltage 
(I = 10 wAdc, In = 0) 


‘Collector-Emitter Breakdown Voltage* 
(I, = 10 mAdc, In = 0) 


Emitter-Base Breakdown Voltage 
(I, = 10 wAdc. In = 0) 

Collector Saturation Voltage* 

’ : 10 mAdc. In = 1 mAdc) 


(Ig 
(I, = 50 mAdc, In = 5 mAdc) 
= 150 mAdc. In = 15 mAdc) 


(I, 
(I, = 300 mAdc, Ip = 30 mAdc) 
Base-Emitter Saturation Voltage* 
(I, = 10 mAdc, Ip = 1 mAdc) 


= 50 maAdc, I, = 5 mAdc) 
= 150 mAdc. In = 15 mAdc) 
= 300 mAdc, I, = 30 mAdc) 


DC Forward Current Transfer Ratio* 
(I = 0.1 mAdc, Vor = 10 Vdc) 


= 1.0 mAdc, V,, = 10 Vdc) 


CE 


10 mAdc, V = 10 Vdc) 


CE 


150 mAde, V = 10 Vdc) 


CE 


= 300 mAdc, V,,, = 10 Vdc) 


CE 


- 500 mAdc, V = 10 Vdc) 


CE 


Small Signal Current Gain 
(I, = 10 mA, Vor = 10 V. {= 1 kc) 


Voltage Feedback Ratio 
(I, = 10 mA. Vor =10V. f = 1 kc) 


Input Impedance 


(I, = 10 mA, Vv = 10 V. f = 1 kc) 


CE 


Output Admittance 
(I, = 10 mA, Vor =10V, f =1kc) 


Output Capacitance 


(Von = 10 Vde, I, = 0, f = 100 ke) 


E 


2N3498, 2N3499 


2N3500, 2N3501 


All Types 


2N3498, 2N3499 
2N3500, 2N3501 


2N3498, 2N349S 
2N3500, 2N3501 


All Types 


All Types 
All Types 
2N3500, 2N3501 
2N3498, 2N3499 


All Types 
All Types 
2N3500, 2N3501 
2N3498, 2N3499 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 
2N3499, 2N3501 


2N3500 
2N3501 


2N3498 
2N3499 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 


2N3499, 2N3501 | 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3499 
2N3500, 2N3501 
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0.2 
0.25 
0.4 
0.6 
0.8 
0.9 
1.2 
1.4 


* 
VBE(sat) 


Motorola High-Frequency Transistors 


2N3498 thru 2N3501 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Static Characteristics Symbol Min Max 


Input Capacitance 


(Von = 0.5 Vdc, Io = 0, f{ = 100 kc) All Types 


Small Signal Current Gain 
(Vor = 20 Vdc. I, = 20 mAdc, f = 100 mc) All Types 


Cc 


Delay Time 
(I, = 150 mA, Ini = 15 mA. Voc = 100 V, Von = 2,0 V) 
Rise Time 
(I, = 150 mA. Ip} = 15 mA, Voc = 100 V, Vop = 2.0 V) 
‘Storage Time ; 
(I, ~ 150 mA. I, = = 15 mA, Voc = 100 V) 
Fall Time 2N3498, 
(I, = 150 mA, I =] = 15 mA, Voc = 100 V) 2N3499 


*Pulse Test <300 wsec, duty cycle <2% Vop - Base-Emitter 


SATURATION VOLTAGES SWITCHING TIMES 


Vee = 100V 
Vos = 2 V 
le = 10 ler 


STAIHIGGR a aamens 


mee LAY 
ih aml a 


@ 
g 
8 3 LP NOT 
2 | Mall (eae: : sane PhS 
S ab 2 a es 
rere CC Eee 
: BNI 
NS 
> 


10 20 5.0 10 20 50 §=100 200 500 
Ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 
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2nN3906 
2n3507 


Motorola High-Frequency Transistors 


Veeco = 40-50 V 
Ic =3A 
f; =100Mc Typ 


NPN silicon annular transistors for high-current, 
high-speed, saturated switching and core driver appli- 


cations. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Symbol 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Abeve 25°C 
Total Device Dissipation 
@ 25°C Ambient Temperature 
_ Derating Factor Above 25°C 


Junction Operating Temperature 


Storage Temperature Range 


2N3906 2N3507 Unit 


-65 to +200 


THERMAL RESISTANCE 634 = 0.175°C/mW 


O30 = 35°C/W 


SATURATION VOLTAGES 


Sa ae aS Oe 
1) = 25°C +++} — 


Me ef 
eR SRS 2a ee 


Visat), SATURATION VOLTAGE (VOLTS) 
TIME (nsec) 


eal eae ee Le 

SG lO 

ee a ee a 
02 


0.3 0.5 1.0 2.0 3.0 
Ic, COLLECTOR CURRENT (Adc) 
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SWITCHING TIMES 


100 SES EE 9 DC IB 
oo 
nh SNer 1 


Ba 
ad 
Be 
= 
te 
= 


HP fp 
| A a 
= ea 


0.1 0.2 0.3 05 07 10 2.0 3.0 
le, COLLECTOR CURRENT (Adc) 


Motorola High-Frequency Transistors 


2N3506, 2N3507 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise specified.) 


Collector Cutoff Current lonx pAde 
(Vor = 40 Vdc, Von = 4 Vdc) 2N3506 -- 1.0 
(Vor = 40 Vdc, Von = 4 Vdc, Ty = 100°C) <= 150 
(Vor = 60 Vdc, Von = 4 Vdc) 2N3507 -- 1.0 
(Vor = 60 Vdc, Von =4 Vdc, T, = 100°C) -- 150 
a ered -ecmereteesnti cereal ee “ 
Base Cutoff Current , Ip Adc 
= 40 Vde, Vo, = 4 Vdc) 2N3506 L aA 1.0 
CE = 60 Vde, Vop = 4 Vdc) 2N3507 -- 1.0 
eS 8 a 2 See as 
Collector-Base Breakdown Voltage 2N3506 BV 60 -- 
(Ig = 100 wAde, I, = 0) 2N3507 CBO s=80 s ne 
ee ae ee ee eee eee janine 
Collector-Emitter Breakdown Voltage* 2N3506 BVaro* 40 -- Vdc 
(In = 10 mAdc, pulsed, Ip = 0) 2N3507 50 sai 
Emitter-Base Breakdown Voltage BV Vdc 
(Ip = 10 wAdc, I, = 0) EBO 5 “f 
Collector Saturation Voltage* Vv ‘ 
(I = 500 mAdc, I, = 50 mAdc) CE(sat) 0.5 fine 
(Ig = 1.5 Adc, Il, = 150 mAdc) -- 1.0 
(Ig = 2.5 Adc, In = 250 mAdc) -- 1.5 
Base-Emitter Saturation Voltage* V. ae 
(I, = 500 mAdc, I,, = 50 mAdc) BE(sat) or 1.0 =e 


(I, = 1.5 Adc, I, = 150 mAdc) 


(Io = 2.5 Adc, I, = 250 mAdc) 


B 

DC Current Gain* 
(I, = 500 mAdc, V = 1 Vdc) 2N3506 
2N3507 


2N3506 
2N3507 


= 3 Vdc) 2N3506 
2N3507 


= § Vdc) 2N3506 
2N3507 


CE 
(Ip = 1.5 Ade, Von 


(Ip = 2.5 Ade, Vog 


(Ig = 3.0 Ade, Von 


Output Capacitance 


(Vag = 10 Vac, I 


= 0) £ = 100 ke) 


Input Capacitance 
(Von = 3 Vdc, Io = 0, f = 100 kc) 


Current Gain-Bandwidth Product 
(Ig = 100 mAdc, Vor = 5 Vdc, f = 20 mc) 


Delay Time I, =1.5 Adc, I, = 150 mAdc 


Cc Bl 


Rise Time Voc = 30 V, Vos =0OV 


Storage Time c= 1.5 Adc, I,, =I 


Bl B27 150 mAdc 


Fall Time V c= 30 V 


Cc 


*Pulse Test: Pulse width = 300 usec, duty cycle = 2% 
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Motorola High-Frequency Transistors 


2N3506, 2N3507 (continued) 


CURRENT GAIN CHARACTERISTICS 
200 


Pla aoe 
i 


: 1 = 
Ps : =a \ 
= & Ty 55°C ee PTS NY 
3 S59 = pea | TN M 
* ECCT 
» a 
JCCTTTIPSS 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 
Ic, COLLECTOR CURRENT (Adc) Ic, COLLECTOR CURRENT (Adc) 
2n3508 | Vero =20V 
| le = 500 mA 
2N3909 f; = 500 Mc 
NPN silicon annular transistor for high-speed, low- 
current switching applications. 
CASE 26 
(TO-46) 


MAXIMUM RATINGS 


Collector-Base Voltage . 40 


Collector-Emitter Voltage 40 


Collector-Emitter Voltage 20 


Emitter-Base Voltage VEBO 6.0 


Collector Current (10 usec pulse) Io (Peak) 500 


Total Device Dissipation 
@ 25°C Ambient Temperature 0.40 
Derating Factor Above 25°C 2.29 


Total Device Dissipation 
@ 25 C Case Temperature 2.0 
Derating Factor Above 25°C 11.43 


Junction Temperature, Operating +200 


Storage Temperature Range -65 to +200 


Thermal Resistance 0. 438 
0. 0875 
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Motorola High-Frequency Transistors 


2N3508, 2N3509 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Collector Cutoff Current 


(VcB = 20 Vdc) Both Types 
(Vcp = 20 Vdc, Ta = 150°C) 2N3308 
2N3309 


Collector Cutoff Current 
(Vop = 20 Vdc, Vop = 3 Vdc) 


Base Cutoff Current 
(Vor = 20 Vdc, Vos = 3 Vdc) 


Collector-Base Breakdown Voltage BVcBO 
(Ic = 10 pAdc, Ip = 0) 
Emitter-Base Breakdown Voltage BVepo 
(Ip = 10 Adc, Ic = 0) 
Collector-Emitter Breakdown Voltage* BVcro* 
(Ig = 10 mAdc) 
Collector-Emitter Voltage BVors 
(Ic = 10 pAde, Ip = 0) 
Collector-Emitter Saturation Voltage* VCE(sat)* 
(Ic = 10 mAdc, Ip = 1 mAdc) 
(Ic = 100 mAdc, Ip = 10 mAdc) 


Base-Emitter Saturation Voltage* 2 —i(‘ésSC~™S VBE(sat)" 


(Ic = 10 mAdc, Ip = 1 mAdc) 
(I¢. = 100 mAdc, Ip = 10 mAdc) 
DC Current Gain* 

(Ic = 10 mAdc, Vor = 1.0 Vde) 2N3508 
2N3509 

(I¢ = 10 mAdc, Vog = 1.0 Vde, Ty = -55°C) 2N3508 
2N3509 

(Ic = 100 mAdc, Vcg = 1.0 Vdc) 2N3508 
2N3509 


Small-Signal Current Gain 
(Ic = 10 mAdc, Veg = 10 Vde, f =100.mc) 


Output Capacitance 
(VcB = § Vdc, Ip = 0, f = 140 kc) 


Input Capacitance 
(Vop = 1 Vde, Ig = 0,f = 140 ke) 


Storage Time 
(Ic = Ip) = Ipg = 10 mA) 


Turn-On Time 
(Ic = 10 mA, Ipi = 3 mA, Voc = 3 V, Vos = 1.5 Vv) 


Turn-Off Time 
(Ic = 10 mA, Ip) = 3 mA, Ipo = 1.5 mA, Voc = 3 V) 


Total Control Charge 
(Ic = 10 mA, Ip = 1mA, Vcc = 3 Vv) 


Delay Time 


Voc = 10 V, Vop = 2 V, 
oie I, = 100 mA, I,, = 10 mA 
Rise Time 


Storage Time 


Fall Time 


*Pulse Test: PW = 300usec, Duty Cycle = 2% 
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2N3508, 2N3509 (continued) 


hee, MINIMUM CURRENT GAIN 


SWITCHING TIMES (nsec) 


hee, MINIMUM CURRENT GAIN 


Motorola High-Frequency Transistors 


MINIMUM CURRENT GAIN CHARACTERISTICS 


100 


SPSS RL 4 
SS GR AN ee 


70 TNS RSC TCE. Vee = 10 ] co 
50 Ce SSS Voe= 2V JET 


7 10 20 30 
les sale cok CURRENT (mA) 


GE GR SE 0 a acess soe eae QL 7 ow 


TTT Smmasie 

Pagina CASE 
Sheet imeenlin 

Th 


1 


50 70 100 


8-206 


0 


V.tsoty» SATURATION VOLTAGE VOLTS 


NI 


TH TV 
VW 


rit] fff 
Banas 


ee ill 

) 
eC ee 
A PU 
Re Saee: al 


PH cease 
a 

eee tT TTT 

1 2 3 = 7 10 20 30 50 70 100 
Ic, COLLECTOR CURRENT (mA) 


1.0 


Motorola High-Frequency Transistors 


2n3910 


anol I Vero = 10-15 V 
: Ic = 500 mA 
2N3647 f, =350-450 Mc 


2N3648 
NPN silicon annular transistorsfor high-speed satu- 
rated switching applications to 500 mA. 
CASE 27 CASE 26 | 
(TO-52) (TO-46) 


MAXIMUM RATINGS 


Vdc 


T0-46 
2N3647 | 2N3510 
2N3648 | 2N3511 


Total Device Dissipation @T, = 25°C 
Derating Factor Above 25°C 


- Total Device Dissipation @ To= 25°C 
Derating Factor Above 25°C 


Junction Temperature, Operating 
Storage Temperature Range 


Bea 10 


Saea |_| 
o>: aaa 10 Zan 
Fat ae eR on a 

py te atime _ 


t,’, STORAGE TIME (nsec) 


MAX Vee (sat) 
SSF LLRE TTL 
ant | | 
Cet tenes | 
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————eT TT) | : 
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: ao 
»>LLtcrete te E 
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Ret se a 


poe ed 
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Motorola High-Frequency Transistors 


2N3510, 2N3511, 2N3647, 2N3648 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


Characteristic Symbol Min Max. Unit 
Collector Cutoff Current In EX pAdc 
(Vop = 10 Vdc, Vogt = 1 Vdc) _ .025 
(VcR = 10 Vdc, Vop = 1 Vde, Ta = 150°C) _— 50 
Base Cutoff Current Inn pp Adc 
(V E = 10 Vde, Vos = 1 Vdc) — .025 
Collector-Base Breakdown Voltage BVcRO Vde 
(Ic = 10 wAde, Ip = 0) 40 — 
Collector-Emitter Breakdown Voltage* BVcEO* Vde 
(Ig = 10 mAdc, Ip = 0) 2N3510, 2N3647 10 — 
2N3511, 2N3648 15 ~~ 
Emitter-Base Breakdown Voltage BVEBO Vde 
(I, = 10 wAde, I, = 0) 6 a 
Collector Saturation Voltage* Veo E(sat) * Vdc 
(Ic = 10 mAdc, Ip = 1 mAdc) All Types — 0.25 
(Ic = 150 mAdc, Ip = 15 mAdc) All Types — 0.4 
(I¢ = 300 mAdc, Ip = 30 mAdc) 2N3510, 2N3647 _ 0.6 
(Ic = 500 mAdc, Ip = 50 mAdc) 2N3511, 2N3648 _ 0.8 
Base-Emitter Saturation Voltage* VpE(sat)* Vdc 
(Ic = 10 mAdc, Ip = 1 mAdc) All Types —_ 0.8 
(Ic = 150 mAdc, Ip = 15 mAdc) All Types 0.8 1.0 
(Ic = 300 mAdc, Ip = 30 mAdc) 2N3510, 2N3647 —_ 1.15 
(I¢ = 500 mAdc, Ip = 50 mAdc) 2N3511, 2N3648 _ 1.5 
DC Current Gain* hpp* _ 
(Ic = 1.0 mAdc, Vog = 1 Vdc) 2N3510, 2N3647 12 _ 
: 2N3511, 2N3648 15 — 
(Ig = 10 mAdc, Vor = 1 Vdc) 2N3510, 2N3647 20 = 
2N3511, 2N3648 25 —_ 
(Ic = 150 mAdc, Vog = 1 Vde) 2N3510, 2N3647 25 150 
2N3511, 2N3648 30 120 
(Ic = 150 mAdc, Vor = 1 Vde, TA= -55°C) 2N3511, 2N3648 12 —_ 
(I¢ = 300 mAdc, Vog = 1 Vdc) 2N3510, 2N3647 15 _ 
(Ic = 500 mAdc, Voy = 1 Vdc) 2N3511, 2N3648 12 _ 
Output Capacitance Cop pf 
(Vcop = 10 Vdc, Ip = 0, f = 100 kc) —_ 4 
Input Capacitance Cib . pf 
(Vop = 0.5 Vde, Ic = 0,f = 100 kc) _ 8 
Small Signal Current Gain hee mc 
(Ic = 15 mAdc, Vcg = 10 Vde, f = 100 mc) 2N3510, 2N3647 3.5 — 
2N3511, 2N3648 4.5 _ 
2N3510, 2N3647 — 10 
Deley rane 2N3511, 2N3648 ta = 8 NEES 
: 2N3510, 2N3647 _ 12 F 
Rise Tine 2N3511, 2N3648 3 = 10 une 
2N3510, 2N3647 _— 20 
Jaen Og Tene 2N3511, 2N3648 ton a 16 pace 
2N3510, 2N3647 —_— 16 
Storage Time 2N3511, 2N3648 ts = 12 hase 
(Ig = 150 mA, 
Ip} = -Ipo = 15 mA 2N3510, 2N3647 _ 12 ; 
Bl B2 ’ ’ 
Beene Vacs 6) 2N3511, 2N3648 ‘f — 8. ee 
2N3510, 2N3647 — 25 
Turn-Off Time 2N3511, 2N3648 tort ie 18 nsec 
Total Control Charge Qr pC 
(Ig = 150 mA, Ip = 15 mA, Voc = 6 V) —_ _ 300 
Small Signal Current Gain hee _ 
(Ig = 1mA, Vog = 10 V,f = 1 ke) 20 150 
Voltage Feedback Ratio Dre : x1074 
(Ic = 1 mA, Vog = 10 V,f= 1 ke) _ 25 
Input Impedance hie kohms 
(Ig = 1mA, Vcg = 10 V,f = 1 ke) 0.6 4.5 
Output Admittance Noe pt mhos 
(Ig = lmA, Vog = 10V,f = 1 ke) 10 100 


* Pulse Test: PW s 300 sec, Duty Cycle < 2% 
Vop = Base-Emitter Reverse Bias 
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2N3510, 2N3511, 2N3647, 2N3648 (continued) 


MINIMUM CURRENT GAIN CHARACTERISTICS 
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Motorola High-Frequency Transistors 


Voso = 25 V 
2N3944 P, = 10 mW @ 1000 Mc 
— 

\, 


NPN silicon annular transistor for VHF and UHF 
oscillator applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 25 
Emitter-Base Voltage 3.0 
Collector Current 100 


Power Dissipation @ To= 25°C 400 
Derate above 25°C 2. 67 


Power Dissipation @ T a7 25°C 300 
Derate above 25°C _ 2.0 


Junction Temperature +175 


Storage Temperature ~65 to +175 


Collector-Base =; = 
Breakdown Voltage BY cB | Io = 10 uAde, Ip = 0 
Collector-Emitter aes a 
Breakdown Voltage BVogs | Io = 10HA, Vig = 0 
Vop = 15 Vdc, In = 0 
VeB = 3 Vdc, Io =0 
Vor = 10 Vdc, Io 10 mAdc 
: Van = 10 Vde, 1, =10 mAdc, 
AC Carve as inl [oe BT Te [| 
Collector Output Capacitance Vop x 
Collector-Base Time Constant : 
00 mc, Vo = 12 Vdc, 10} 16 
mAdc 


Oscillator Power Output } Pout 
8-210 


f = 10 
Ia 12 


Motorola High-Frequency Transistors 


2N3544 (continued) 


TEST CIRCUIT 
SHORT 
(O) 509) ADJUSTABLE LINE 
@ 
a 
=) 
330 pF 
CAPACITIVE LINK COUPLING 
0) 
1KY se 
; POWER METER 
0.7” 
0.25” DIA, apices | 
1000 pF 1000 pF 
a 0.8” DIA =| 
(1K me CAVITY —_ 
() Vee e Vec () 
a dy + NOTES: 


1. SET Vee = 12 Vde. 


3. SET ADJUSTABLE LINE FOR 
MAXIMUM POWER OUTPUT. 


2N3546 Noes Soe 
@ 


CASE 22 
(TO-18) 


PNP silicon annular transistor for low-level, high- 
speed switching applications. 


MAXIMUM RATINGS 


Characteristics Symbol Rating 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 

Total Device Dissipation @ T eg 25°C 
Derate above 25°C 


Total Device Dissipation @ T,. = 25°C 


Derate above 25°C Cc 


Operating Junction Temperature 200 


Storage Temperature Range T -65 to +200 


Thermal Resistance 
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Motorola High-Frequency Transistors 


2N3546 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted) 


Collector Cutoff Current 
(Von = 10 Vdc) 


(Von = 10 Vdc, Ty 


Collector Cutoff Current 
(V og = 10 Vde, Von = 3 Vdc) 


= 150°C) 


Base Cutoff Current 


(Vig = 10 Vdc, V,,, = 3 Vdc) 


OB. 
Collector-Base Breakdown Voltage 
(Ig = 10 pAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
(I, = 10 pAdc, In = 0) 


Collector-Emitter Breakdown Voltage* 


* 
(I, = 10 mAdg, I, = 0) CEO 


Collector Saturation Voltage* 
(I, = 10 mAdc, I, = 1 mAdc) 


(I, = 50 mAdc, Ip = 5 mAdc) 
(I = 100 mAdc, I,, = 10 mAdc) 


*x 
VK (sat) 


B 


Base-Emitter Saturation Voltage* 
(I, = 10 mAdc, I, = 1 mAdc) 


(I, = 50 mAdc, Ip = § mAdc) 
(Iq = 100 mAdc, I, = 10. mAdc) 


VBE(sat)” 


DC Current Gain* 
(I, = 1.0 mAdc, V 
(Ig = 10 mAdc, Vor = 1 Vdc) 
(Ig = 10 mAdc, Vor =1 Vdc, T 
I, = 50 mAdc, Vor = 
(I, = 100 mAdc, Vor 


CE™ 1 Vdc) 


es -55°C) 


= 1Vdc) 


Output Capacitance 


(Vop = 10 Vdc, I,, = 0, f = 1 mc) 


E 
Input Capacitance 


(Vop = 9-5 Vdc, I, = 0, f = 1 mc) 


Cc 


Current-Gain - Bandwidth Product 
(Ig = 10 mAdc, Voge = 10 Vde, f = 100 me) 


Total Control Charge 
(I, = 50 mA, Ip =5§5 mA, Voc = 3V) 


Delay Time = 50 mA, I, = 5mA, 


Io 
Rise Time Vv 


Bl 


=2V,V,,=3V 


OB CC 
Storage Time Io = 50 mA, In = T32 = 5 mA, 


Fall Time Vec =3V 
Turn-On Time 


See " Switching Time Test Circuit" 


Turn-Off Time ( page 8-213 ) 


*Pulse Test: PW = 300 usec, Duty Cycle < 2% 
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Motorola High-Frequency Transistors 


2N3546 (continued) 


LIMITS OF SATURATION VOLTAGES STORAGE TIME BEHAVIOR 
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DELAY AND RISE TIME STORAGE AND FALL TIME SWITCHING TIME TEST CIRCUIT 
EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT Vea —2V 


Vout” 
Vin 
ele 
“Ts Cs =.20 pF 
| 
t+ tt 
Via +2V boy +8.7V 
OV se PULSE WIDTH > 200 nsec 
RISE TIME < 1 nsec 
—10.8V Via 11.3 Z, = 500 
PULSE WIDTH == 200 nsec PULSE WIDTH = 200 nsec ton : Veg = +3V, Vin = —7V 
RISE TIME < 2 nsec RISE TIME = 2 nsec ton: Veg = —4V, Vin = +6V 


DUTY CYCLE = 10% DUTY CYCLE = 10% 
“OSCILLOSCOPE RISE TIME <= 1 nsec 


MINIMUM CURRENT GAIN CHARACTERISTICS 
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Motorola High-Frequency Transistors 


2N3II3 
2N3632 


For Specifications, See 2N3375 Data Sheet 


Veco = 140-175 V 


2N3034 thru 2N3637 3 f, = 150 - 200 Mc 


PNP silicon annular transistor for high voltage 
switching and low-power amplifier applications. 


CASE 31 
(TO-5) 


\ 


MAXIMUM RATINGS 


Characteristics Symbol a 2N3636 oo 
| 2N3637 


Collector Current 


Total Device Dissipation @ T A = 25°C 
Derating Factor Above 25°C 


Total Device Dissipation @ To = 25°C 
Derating Factor Above 25°C C 


Storage Temperature Range -65 to +200 


SWITCHING TIME TEST CIRCUIT 


P.W. = 20 sec 2K 
DUTY CYCLE = 2% —100V 
RISE TIME = 20 nsec: 1K 


TURN-ON +4V 
TURN-OFF +4.1V 


F 
s 
i 
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— Motorola High-Frequency Transistors 


2N3634 thru 2N3637 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise specified.) 


Characteristics | Symbol | Minimum] Maximum| Unit | 


Collector-Base Breakdown Voltage 2N3634, 2N3635{ BV 
(Iq = 100 uAdc, In = 0) 2N3636, 2N3637 


,Collector-Emitter Breakdown Voltage* 2N3634, 2N3635/ BV 
I, = 10 mAdc, I, = 0) 2N3636, 2N3637 


Emitter-Base Breakdown Voltage 
(I, = 10 pAdc, To = 0) All Types 


Collector Saturation Voltage* 
(I, = 10 mAdc, I, = 1 mAdc) 


(I, = 50 mAdc, In =5 mAdc) 


Base-Emitter Saturation Voltage* VER( t)* | Vde 
(I, = 10 mAdc, I, = 1 mAdc) : ee 0.8 

(Iq = 50 mAdc, I, = 5 mAdc) 0.9 

DC Current Gain hop* a 


Cc : ’ 


2N3635, 2N3637 


2N3634, 2N3636 
2N3635, 2N3637 


2N3634, 2N3636 
2N3635, 2N3637 


2N3634, 2N3636 
2N3635, 2N3637 


2N3634, 2N3636 
CE '2N3635, 2N3637 


Small Signal Current Gain 2N3634, 2N3636 [h 
(Vor = 30 Vdc, Io = 30 mAdc, f = 100 mc) 2N3635, 2N3637 


Output Capacitance 
= 20 Vdc, I 


CE™ 10 Vdc) 


(I, = 1.0 mAdc, V,,,, = 10 Vdc) 


CE 


In = 10 mAdc, V 


CE= 10 Vdc) 


(I. = 50 mAdc, V,,, = 10 Vdc) 


Cc CE 


(I, = 150 mAde, Veg = 10 Vac) 


fel 


° 
cox 


ag 0, f = 100 kc) All Types 


= 1.0 Vdc, Io =0, f = 100 kc) All Types 


‘Collector Cutoff Current 
= 100 Vdc, Ih = 0) All Types 


Emitter Cutoff Current 
(Von = 3 Vdc, Io = 0) All Types 


Small Signal Current Gain 2N3634, 2N3636 
(I, = 10 mA, Vor =10V, f =1 kc) 2N3635, 2N3637 


Voltage Feedback Ratio 
(I, = 10 mA, Vor =10V, f =1 kc) All Types 


2N3634, 2N3636 


(I, = 10 mA, Vo, = 10 V, f= 1 ke) 2N3635, 2N3637 


Output Admittance 


(I, = 10 mA, Vor =10V, f =1 kc) All Types 


(I, = 0.5 mA, V 


Turn-Off Time = = 5 mA, Von =4V_ |All Types 


*Pulse Width £ 300 usec, duty cycle < 2% Vos — Base-Emitter Off Bias 


CE 
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2N3634 thru 2N3637 (continued) 


INPUT IMPEDANCE 
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Motorola High-Frequency Transistors 


2N3634 thru 2N3637 (continued) 


NORMALIZED DC CURRENT GAIN 


NORMALIZED DC CURRENT GAIN 


CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
OO 
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Motorola High-Frequency Transistors ——— 


2n3647 


2n3648 For Specifications, See 2N3510 Data Sheet 
Gp = 7.4 db @ 250 Mc 
2N3664 P, = 2.2 W @ 250 Mc 


NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. 


Collector Current (Continuous) 


Base Current (Continuous) 


Power Dissipation 
@ 25 C Case Temperature 


5.0 Watts 
@ 25°C Ambient Temperature 1.0 Watts 
Operating Junction Temperature iT: 200 °C 
Storage Temperature Range -65 to +200 


+V TEST CIRCUIT 


ht 
ct 
ga 


470 pf 


Ry = 50 Ohms 


470 pf 


Socket: eras ot 
See note 1 


L,;: 2T No. 14 tinned wire 5/16" ID, 1/4" long 
Lo: 2T No. 14 tinned wire 3/8" ID, 3/16" long 


Note 1: Use a 0. 100" pin circle teflon socket with the emitter 
. grounded to the chassis at the top of the socket. 


When making RF power test, the device must be provided 
with an adequate heat sink. 
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Motorola High-Frequency Transistors 


2N3664 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


Collector -Emitter Sustain Voltage Vv * 
= 30mAdc, R,, = 0 ohms CES (sus) 


Io BE 


Collector -Emitter Open Base Sustain Voltage V : 
I, = 30mAdc, I, = 0 CEO (sus) 
C B 

Collector-Emitter Cutoff Current lors 
Vor = 25Vdc, Var = % Ta = +150°C 


Collector -Emitter Cutoff Current 


Vog = 25Vde, Vap = 0 


Collector-Emitter Cutoff Current 


Vor = 50Vdc, Vip = 0 


Emitter Cutoff Current 
Cc = 


Vann = 4Vde, I 


EB ° 


DC Current Gain 
= 2Vdc, I, = 250mAdc 


C 
= 2Vdc, In = 50mAdc 


Collector-Emitter Saturation Voltage 
io = 250mAdc, in = 50mAdc 


Base-Emitter Saturation Voltage 
In = 250mAdc, I, = 50mAdc 


' Small Signal Current Gain 


Vor = 15Vdc, Ia = 100mAdc, f = 100mc 


Common Base Output Capacitance 


Vop = 15Vde, I, = 0, f = 100ke 


Power Output 


Efficiency Vor = 25 Vde 


*Pulse width < 200 psec Duty cycle < 2% 


**In functional test Pout is fixed at 2.2 watts and Pia is monitored to be s 400 mW. 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance - Junction 
to Case 


Thermal Resistance - Junction 
to Air 
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Motorola High-Frequency Transistors 


2n37 1 Y Gee = 7.4 db @ 250 Mc Typ 
2n3/18 | Po = 4W @ 250 Mc Typ 


NPN silicon annular transistors for power amplifier 
applications at UHF and VHF. Especially designed for 
operation from low voltage power supplies. 


CASE 79 CASE 24 


MAXIMUM RATINGS 


Characteristic 
Collector Base Voltage 
Collector Emitter Voltage 
Collector Emitter Voltage 


Emitter Base Voltage 


Base Current (Continuous) I, 


Power Dissipation 
@25°C Case Temperature 2N3717 
2N3718 
@25°C Ambient Temperature 2N3717 
2N3718 


Operating Junction Temperature : °C 
Storage Temperature Range . 
°C/W. 


Thermal Resistance -Junction 2N3717 
to Case 2N3718 

Thermal Resistance -Junction 2N3717 °C/W. 
to Air 2N3718 
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Motorola High-Frequency Transistors ——— 


2N3717, 2N3718 (continued) 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


Characteristic | | Symbol | 


Collector-Emitter Sustain Voltage VcES (sus)* 


I, = 50mAdc, R 
CES 
O 


I 
I 
I 
Tp 


Vde 


= 0 ohms 


C BE 


Collector-Emitter Open Base Sustain Voltage Vdc 


= 50mAdc, I, = 0 


Io 


Collector-Emitter Cutoff Current pAdc 


Vop = 25Vde, Vaz = 0, To = +150°C 


CE BE 


Collector-Emitter Cutoff Current pAdc 


pAdc 


B 


—_ 
© 
© 


uAdc 


Emitter Cutoff Current 


Vex = 4Vdc, I, = 0 


E 


e 
[ee] 
i 
oO 


DC Current Gain her = 
Vor = 2Vdc, In = 200mAdc 

Collector-Emitter Saturation Voltage Vor (sat) Vdc 
In = 500mAdc, I, = 100mAdc 

Small Signal Current Gain [Pre | pF 
Vor = 10Vdc, To = 150mAdc, f = 100mc 

Common Base Output Capacitance CS 
Vop = 15Vdc, L. = 0, f = 100kc 

Power Output pan 2.0 Watts 

Power Gain Gor 7.0 

Efficiency n 60 


Watts 


i 
bo 
[)) 
oO 
B 
re) 


Q 
Uv 
FA 
a 
> 
i 
«< 
2 
EL : 


P. = 730 mw, f = 
in 
V 


% 


Ss 


CE = 25 Vdc 


*Pulse width <200 sec Duty cycle <2% 


**In functional test F sat is fixed at specified value and Pia is monitored to be 


s value indicated. 
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Motorola High-Frequency Transistors 


Veto = 40-60 V 
ano/ 19 | shes a as 


2no/20 | f, = 60 Mc 


PNP silicon annular transistors for high-speed, high- 
current switching in core and driver applications and 
Class C power amplifiers. 

(TO-5) 


Collector Current—Continuous 
Collector Current— Peak 


Base Current 


Total Device Dissipation @ T, = 25°C 1.0 Watt 
Derate above 25°C 5.72 mW/°C 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating Junction and Storage Ty and -65 to +200 °C 
Temperature Range T stg | 


SAFE OPERATING AREAS 
2N3719 2N3720 


| Loe =] “SE GS Ee 
| it | . —f+—-S\j{- + +} —— 
SEE use SSIES see 
ee ee 
Oo tN tT tT ut UK TE UND ND OT 
Py NINE | [SoomseN oT UN NN 

: MN Nem EIN EN AL 

2 h ~ 

= 2 TSENG BENE AE GML, CR A RAE RNG & WEL GIR Sean | ESSE 

~ eee a. ee »». “De, “ee. “es Se es 

= ) i Se es a ee be, “ee Es | ee 

Fs » @ Te = 25°C! NO en 8 A ae NS ee 

| SA en SN toA 

+ N\ 

: Wo LAY | | LTS 8g AL 
AIT ee CS EE > ee | ee Ge (ee | GS 
mul ee ho 
NAG es ee ee ek ee ee ee ee eee WI 
AN! ae ee P @t = 25°C | | | AAD 
> a FSET 
|} ELLE tL | | mwetcatm—T Po 

0 10 20 30 40 0 10 20 30 40 50 60 


Voz, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
The Safe Operating Area Curves indicate Ic- Vcx limits below which the devices will not go into second Lagarrctonghedae As the safe opera’ areas shown are 
curv 


independent of temperature and duty cycle, these curves can be used as long as the average power dera also taken into paris Serban to insure 
operation below the maximum junction temperature. 
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Motorola High-Frequency Transistors 


2N3719, 2N3720 (continued) 


ELECTRICAL CHARACTERISTICS (at Tc = 25°C unless otherwise noted) 


rise Yt [min [oe [a 


Collector Leakage Current lorx Adc 
(Vcr = 40 Vdc, Vpr = 2 Vdc) 2N3719 10 
IcBO a mAdc 
1 
(Vop = 60 Vdc, Ip = 0, Ta = 25°C) 2N3720 .010 
(Vop. = 60 Vdc, Ig = 0, Ta = 150°C) 2N3720 1 


(Vor = 60 Vdc, Var = 2 Vdc) 2N3720 
Emitter-Base Cutoff Current mAdc 
(VBE = 4 Vdc, Ic = 0) 1 
hrp* 


Collector-Base Cutoff Current 
(VcB = 40 Vdc, I, = 0, Ta = 25°C) 2N3719 


(Vop = 40 Vde, Ip = 0, Ta = 150°C) 2N3719 


DC Current Gain* . 
(Ic = 500 mA, Vcp = 1.5 V, Ta = 25°C) 


= bs O 
(ic = 1A, Vog = 1.5 V, Ta = 25°C) 
(Ic = 1A, Veg = 1.5 V, Ta = -40°C) 


20 — 


i) 
oi 
_— 
fo] 
oO 


Collector-Emitter Saturation Voltage* 
(Ic = 1 A, Ip = 100 mA, T, = -40 to + 100°C) 


(Ic =.3 A, Ip = 300 mA, Ta = 25°C) 


Vo E(sat) : 


Base-Emitter Saturation Voltage* 
(Ic = 1 A, Ip = 100 mA) 


(Ic = 3 A, Ip = 300 mA) 


VBE(sat)* 


Collector-Emitter Breakdown Voltage* . 
(Ic = 20 mA, Ip = 0) 2N3719 


2N3720 


BVcRO* 


Collector Output Capacitance 
(VcpR = 10 Vdc, I; = 0,f = 100 kc) 


ne. 
o 


Input Capacitance 
(Ver = 0.5 Vdc, I, = 0, f = 100 ke) 


Current-Gain — Bandwidth Product 
(Vcr = 10 Vde, Ic = 500 mAdc, f = 30 mc) 


Delay Plas Rise Time 
_ (Ig = 1 Adc, Ip, = 100 mA) 


Storage Time 
(Ic = 1 Adc, Ip; = Ipg = 100 mA) 


Fall Time 
(Ic = 1 Adc, Ip = Ipog =.100 mA) 


r= 


GuuL ; 

on 

hope pede pede a ee pn ° 
Oo © ou 


*Pulse Test: 
Pulse Width < 300 psec 
Duty Cycle < 2% 
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Motorola High-Frequency Transistors 


2N3719, 2N3720 (continued) 


BASE EMITTER SATURATION VOLTAGE VARIATIONS 


=== —40°C 
——= 25°C 
me— 150°C 


Vecisar}, BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


"10 20 40 600 700 
Ip, BASE CURRENT (mA) 


COLLECTOR EMITTER SATURATION VOLTAGE VARIATIONS 


Ee NL 
AAS i 


eNO Ne i SEI ION ef il 
CNRS ST 
INSU SSPE PT ea 
SE Dini 


8 10 60 80 100 400 600 800 1000 
fe BASE CURRENT (mA) 


Veejsat)» COLLECTOR -EMITTER SATURATION VOLTAGE (VOLTS) 


CURRENT GAIN VARIATIONS 


2) EanaanIe= 
= 


a 
a 
—eCoesSSs- 

ee = 


0.1 0.2 1 
ns sibs nia ars 


60 


h,e, CURRENT GAIN 
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Motorola High-Frequency Transistors 


| Vero = 300 V 
2n3/42 lc = 50mA 
f; = 30 Mc 
NPN silicon annular transistor for high voltage am- 
plifier applications from D€ to VHF. 
CASE 31 


(TO-5) 


MAXIMUM RATINGS 


Characteristic | Rating | 
Collector-Base Voltage | Von | 800 
VEeB 


Collector-Emitter Voltage Voro 


Emitter~Base Voltage 
Collector Current 


Total Device Dissipation @ T , 
Derating Factor Above 25°C 


Total Device Dissipation @ Tc 
Derating Factor Above 25°C 


z Ht—t+-+$+}-+4 

S (ei oat 

g Gem Si aia fam 

E E ae Ke 0 So a 
5 Z Ee aee 
: 3 PT 
= 5 meee 
Z Ey AMAR 
A Z ELE 
5 aa mae 
: : marie 
a miBRE 
Cae crit 

er mesee i 
1 2 3 5 7 10 20 = s:30 50 1 2 3 5 7 10 20 «(30 50 


le, EMITTER-CURRENT (mA) Ic, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N3742 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted ) 


Characteristic [Some |e |e 
Collector-Base Breakdown Voltage BVcBO 
(Ip = 1004, Ade, Ip = 0) - 
Collector-Emitter Breakdown Voltage* BV" 
(Ic = 10 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage BVEBO Vdc 
(Ip = 100uAdc, Ip = 0) 


Collector Saturation Voltage ** Vv ** Vde 
CE(sat) 
Ic = 10 mAdc, Ip = 1 mAdc) 1 
= “Tele 


(Ic = 30 mAdc, I, = 3 mAdc) 
Base-Emitter Saturation Voltage ** 
(Ig = 10 mAdc, Ip = 1 mAdc) 
(Ig = 30 mAdc, Ip = 3 mAdc) 
DC Current Gain ** 
(Ig = 3mAdc, Vog = 10 Vdc) 
(Ic = 10 mAdc, Vor = 10 Vde) 
(Ic = 30 mAdc, Vog = 10 Vdc) 
(Ig, = 50 mAdc, Vop = 20 Vdc) 
Collector Cutoff Current 
(Vop = 200 Vdc, Ir = 0) 
(Vop = 200 Vdc, Ip = 0, Ta = 100°C) 


Emitter Cutoff Current 
Veep = 6 Vdc, Ic = 0) 


Small Signal Current Gain 
(Vog = 20 Vdc, Ic = 10 mAdc, f = 20 mc) 


Output Capacitance 
(Vop = 10 Vac, Ip = 0,f = 100 ke) 


Input Capacitance Cib 
(Vpp = 0.5 Vdc, Io = 0, f = 100 ke) 


Small Signal Current Gain 
(Io = 10 mA, Vog = 10 V, f = 1 kc) 


Voltage Feedback Ratio 
(lc = 10 mA, Vog = 10 V, f= 1 ke) 


Input Impedance 
(Ig = 10 mA, Vog = 10 V, f= 1 kc) 


Output Admittance 
(ic = 10 mA, Vor 
Real Part of Input Impedance 
(Io = 10 mA, Vog = 10 V, f = 5 me) 


= 10V,f= 1ke) 


*Pw S 30 psec, Duty Cycle < 14, 
**PW < 300 psec, Duty Cycle < 2% 
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Motorola High-Frequency Transistors 


2N3742 (continued) 


REVERSE TRANSFER ADMITTANCE 


INPUT ADMITTANCE 


a ea veiareeianiniie 
ee CO 
| HEN HHT HITT 


i 
Haiati Hat RE 
AT H 


g | 
> 
aI 


oe 


e 
. 


7 sami ai 


CO KL CBE 


(SOywW) JONYLLINGY LNANI “A 


10 


le, EMITTER CURRENT (mAdc) 


Ie, EMITTER CURRENT (mAdc) 


OUTPUT ADMITTANCE 


FORWARD TRANSFER ADMITTANCE 


 — rr — 7 >) on o> J 
Ss 8 8 Nn = —) 


SOAs SSE Se es es a ee 
eae Ss eee ee 


Ss 8 8 3 8 — es 


(SOyUU) JONVILINGY USISNVYL GUVMuOS “A 


le, EMITTER CURRENT (mAdc) 


le, EMITTER CURRENT (mAdc) 


OURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 


NIv9 LNaYYND 0 “344 


a COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


NY Vero = 300 V 
Ic = 50mA 
f; = 30 Mc 


2n3/43 


PNP silicon annular transistor for high voltage am- 
plifier applications from DC to VHF. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Characteristic Symbol 
Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage Ven 


Collector Current Io 


Derate Above 25°C = 


Operating Faction Temperate 
Storage Temperature Range =-65 to +200 


Total Device Dissipation @ T Ge 25°C 


Derate Above 250C 


Total Device Dissipation@ Tc = 25°C 


GAIN BANDWIDTH PRODUCT COLLECTOR EMITTER SATURATION VOLTAGE 
i ae a 6 Ce CV 
oJ et 
. Lo Es 
= 4 NX =) 
Rll) aN 
S 30 OA S 
PCr ACTA 3 Baer eae 
E TTT Pree [ ann 
ED 7aiill ie 
a (a : 
” i oe 3 
| ina ; 3 
ia is 
flees | a = 
1 5 


Ie, EMITTER CURRENT (mA) 


lc, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N3743 (continued) 


ELECTRICAL CHARACTERISTICS (Ta= 25°C unless otherwise specified) 


[Characteristic | Symbol | 
Collector-~Base Breakdown Voltage BVcBO 
(Ic = 100 wAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage* BVcRKo* Vdc 
(Ig = 10 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage BVEBO 
(Ip = 100 wAde, Ic = 0) 
VCE(sat)** 
VBE(sat) ** Ve 
1.0 
1.2 
hpp** 


Collector Saturation Voltage** 
(Ic = 10 mAdc, Ip = 1 mAdc) 


= 30 mAdc, Ip = 3 mAdc) 


(I 


Base-Emitter Saturation Voltage** 
(Ic = 10 mAdc, Ip = 1 mAdc) 


(Ic = 30 mAdc, Ip = 3 mAdc) 


DC Forward Current Gain** 
(ic = 100 pAdc, Vcg = 10 Vdc) 


(Ig = 1 mAdc, Vog = 10 Vdc) 
(ic = 10 mAdc, Vog = 10 Vdc} 
(ig = 30 mAde, Veg = 10 Vde) 
(Ic = 50 mAdc, Vor = 20 Vdc) 


Collector Cutoff Current 
(VoB = 200 Vdc, Ip = 0) 


(Vop = 200 Vdc, Ip = 0, Ty = 100°C) 
Emitter-Base Leakage Current p Adc 
(Vpp = 3 Vde, Ic = 0) 0.1 
Small-Signal Current Gain | | >te| 
(Ic = 10 mAdc, Voge = 20-Vdc, f = 20 mc) 1.5 


Output Capacitance . Cob 
(Vop = 20 Vdc, Ip = 0, f = 100 ke) 


Input Capacitance Cip 
(Vep = 1 Vde, Ic = 0, f = 100 kc) 


Small Signal Current Gain hee 
(Vop = 10V, Ic = 10 mA, f = 1 ke) 


Voltage Feedback Ratio 
(Vor = 10 V, Ic = 10 mA, f = 1 ke) 


Input Impedance hie 

(Vor = 10 V5 Ic = 10 mA, f = 1 ke) 1.0 
Output Admittance 

(Vog = 10 V,I¢ = 10 mA,f = 1 ke) 


Real Part of Input Impedance Re(h, a 
(Ic = 10 mAdc, Vor = 10 Vdc, f = 5 mc) 


*pw < 30 psec, Duty Cycle < 1% 
**pw < 300 ysec, Duty Cycle < 2% 
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2N3743 (continued) 


add ADMITTANCE 
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Motorola High-Frequency Transistors 


2N3783 thru 2N3785 


Veco = 15-30 V 
G, = 18-20 db @ 200 Mc 
NF = 2.2-2.9 db @ 200 Mc 


PNP germanium epitaxial mesatransistors for high- 
gain, low-noise amplifier, oscillator and frequency 
multiplier applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


[entities vee | 
a 


- Total Device Diseeation @ T, = 25°C 
Derate above 25 C 

Junction Operating & Storage Temperature -65 to +100 oe 
Range 


200 MC POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
SHIELD 


T-l 


at 


IN — —= “a NOTES: 
he L-1 % inch inside diameter, 4% inch length, 4 turns #20 solid copper wire, center tapped. 


470 T-1 4% inch inside diameter, close wound, 3 turns #26 solid copper wire. 1:1 ratio 
bi-filler wound. 


* — High Quality piston type capacitor. 


Distance from emitter contact of transistor to ground side of bypass capacitor 
should be kept minimum. 


2-8 pf 3.9 yh 7 0.001 pf 
O 


Motorola High-Frequency Transistors 


2N3783 thru 2N3785 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Collector- Emitter 
Breakdown Voltage 


Emitter-Base Break 
down Voltage 


Collector Cutoff §  Iggq |Vop = -10 Vdc, Ip = 0 All Types 
| t 
rece Vop = -10 Vdc, Ip = 0,T, = +55°C 2N3783, 2N3784 


‘Emitter Cutoff CurrentInRQ |Vpp = -0.5 Vdc, I. = 0 All Types 


DC Forward Current hre Vcr = -10 Vdc, In = =-3 mAdc 2N3783, 2N3784 
[Transfer Ratio 2N3785 


Collector-Emitter V,,, Iq = -5.0 mAdc, Ip = -1.0 mAdc 2N3783, 2N3784 
| Saturation Voltage chee) 2N3785 


Base-Emitter V In, = -5.0 mAdc, Ip = -1.0 mAdc 2N3783, 2N3784 
B , » 4B , ’ 
Saturation Voltage E(sat) |c 2N3785 


Small-Signal Forward 
Current Transfer hfe ‘Ig = -3 mAdc, Vcr = -10 Vdc, f = 1 ke 2N3783, 2N3784 
[Ratio 2N3785 


bt db 
o° 
oo 


Collector-Base Time Tho, Vcgp = -10 Vdc, Ip = +3 mAdc, f = 31.8 mc 2N3783, 2N3784 


Constant 2N3785 


Collector-Base Cop Vcp = 710 Vdc, Ip = 0, f = 100 kc 2N3783, 2N3784 
|Capacitance 2N3785 
Power Gain Ge Vcr = -10 Vdc, Io = -3 mAdc, f =.200 mc 2N3783, 2N3784 
2N3785 
Noise Figure NF Vog = -10 Vde, 1, = -3 mAdc, f = 200 mc 2N3783 
| Rg = 50 ohms pid 
G 2N3785 
Power Gain (AGC) G,(AGC) | Vog = -10 Vdc, Ig = -15 mAdc, f = 200 mc 2N3783 
Note 1 2N3784, 2N3785 
Noise Figure NF Vog = -10 Vde, I, = -3 mAdc, f = 1000 mc 2N3783 
R 50 2N3784 
| G= ohms (Note 2) 2N3785 


NOTE 1: AGC is obtained by increasing Iu. The circuit remains adjusted for Vag = -10 Vde and Ip = -3 mAdc. 


NOTE 2: This Noise Figure was obtained using Hewlett-Packard Type 342A Noise Figure Meter and Type 349A 
Noise Source. 


~ 
ww ° oe —_ 
” Ss 
- © 
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Motorola High-Frequency Transistors 


2N3783 thru 2N3785 (continued) 


CONTOURS OF CURRENT-GAIN 
GAIN versus COLLECTOR CURRENT BANDWIDTH PRODUCT — fr 


o 

E rs 
s s 
N J 


———a 
east 


G., POWER GAIN (db) 


TUNED AND NEUTRALIZED 
@ Ic -- —3 mAde 


Voce. COLLECTOR-EMITTER VOLTAGE (Vdc) 
a A 


(aa SS SSS 


eae 
Wo | 
SS ae 
7 
YX 


Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


MAG & MAXIMUM NF versus FREQUENCY : NOISE FIGURE versus SOURCE RESISTANCE 


2N3783 
f= 200 mc 


Voce = —10 Vde 
Vee = —10 Vde 


Io = —3 mAde 


TYPICAL GAIN 
PER FIGURE 1 


NF, NOISE FIGURE (db) 
NF, NOISE FIGURE (db) 


0 
°55 70 100 200 300 500 700 1000 40 50 70 100 200 300 =6400 9500 


f, FREQUENCY (nic) R,, SOURCE RESISTANCE (ohms) 
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Motorola High-Frequency Transistors 


Vceo = 60 V 
Ic = 50mA 

Hrc = 150 & 300 min.@ 100 A 
NF = 1,5-2.5 db @ 10 ke 


2n3/98 
2n3/99 


. PNP silicon annular transistors for low-level, low- 
noise amplifier applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristics 
Collector-Base Voltage 


Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current ss 

Total Device Dissipation @ T, = 25°C 
Derating Factor Above 25°C 6. 9 


Total Device Dissipation @ T, = 25°C 
Derating Factor Above 25°C 


Junction Operating Temperature 
-65 to +200 


NF, Noise Figure (db) 
NF, Noise Figure (db) 


Ss pee 
iis nes a 


Ot 0 
0.1 0.203 0507 10 2 3 5 7 10 20 30 50 70100 0.1 i 0.3 0.5 0.71. 23 57 10 20 30 50 ae 100 
f, FREQUENCY (kc ) and Rg, SOURCE RESISTANCE (kohms) f, FREQUENCY ( a" and Rg, SOURCE RESISTANCE (kohms) 
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Motorola High-Frequency Transistors 


2N3798, 2N3799 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector-Base Breakdown Voltage BYR 
(Ic = 10 wAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage BVcEO 
(Ic = 10 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(Ig = 10 pAde, Io = 0) 


Collector Cutoff Current IcBO 
(VoR = 50 Vdc, Ip = 0) 


(Vop = 50 Vde, Ip = 0, Ty = 180°C) 


Emitter Cutoff Current 
(Voz = 4 Vde, Io = 0) 
Collector-Emitter Saturation Voltage* 
(Ic = 100 pAdc, Ip = 10 p Adc) 


(Ig = 1 mAde, Ip = 100 Adc) 


Base-Emitter Saturation Voltage* 
(Ig = 100 pAde, Ip = 10 uw Ade) 


(Ic = 1 mAde, Ip = 100 uAdc) 


DC Forward Current Transfer Ratio* hpp* _ 
(Ig = 1 wAde, Vog = 5 Vde) 2N3799 75 - 
(Ig = 10 4Ade, Vog = 5 Vde) 2N3798 100 - 

. 2N3799 228 _ 
(Ig - 100 wAde, Vog = 5 Vdc} 2N3798 150 _ 
2N3799 300 _ 
(Ic = 100 wAde, Vog = 5 Vde, Ta = -55°C) 2N3798 75 - 
: 2N3799 150 - 
(Ig = 500 pAde, Vog = 5 Vdc) 2N3798 150 450 
2N3799 300 
(Ic = 1 mAdec, Vog = 5 Vdc) 2N3798 150 
2N3799 300 
(Io = 10 mAdc, Veg = 5 Vde) 2N3798 ; 125 
2N3799 250 


Base Emitter ‘‘ON’’ Voltage VBE(ON) Vde 


(Ig = 100 wAde, Vog = 5 V) 


Output Capacitance 
(Vop = 5 Vde, Ip = 0, f = 100 kc) 


Input Capacitance 
(Vop = 0.5 Vdc, Ic = 0, f = 100 ke) 


Small Signal Current Gain 
(Io = 500uA,VcRE = 5V,f= 30 me) 


a 


(Io = 1mA, Vor = § V,f = 100 me) 


(ig = 1 mA, Vop= 10V,f= 1 ke) 2N3798 
eee 2N3799 


Voltage Feedback Ratio 
(Io = 1,0 mA, Vor 10 V, f = 1 ke) 


Input Impedance 
(In = 1.0 mA, Var = 10 V, f= 1 ke) 2N3798 
*c ce : 2N3799 


Output Admittance 
(ig = 1.0 mA, Vo ¢ = 10 V,f = 1 ke) 


Noise Figure 
(ig = 100 uA Veg = 10 V,R, =3K ), 
f = 100 cps’ - 2N3798 
2N3799 


f =lke 2N3798 


t 


3 


2N3799 


f =10ke 2N3798 
2N3799 


Noise Bandwidth 10 cps to 15.7 kc 2N3798 
2N3799 


* Pulse Test = 300 ysec, duty cycle S 2% Vop - Base-Emitter Reverse Bias 
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Motorola High-Frequency Transistors 


Gre= 7 db @ 100 Mc Typ 
2NJO18 P, = 15 W @ 100 Mc 


NPN silicon annular transistor for high-frequency 
power applications to 150 Mc. 


CASE 36 
(TO-60) 


MAXIMUM. RATINGS | 


ee a 
a 
[—escecetrvase [Yes 
ee 
[saeco [te 
ee 
me ae 
a 
a 
a 


Power ite (Nominal) | 
Power Output (Nominal) 


Total Device Dissipation 
@ 25°C Case Temperature 


Derating Factor above 25°C 


Junction Temperature a 
Storage Temperature -65 to +175 pe 


Note 1. The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical 


a 


characteristics. 
POWER OUTPUT versus FREQUENCY OUTPUT CHARACTERISTICS versus POWER OUT 
iy — 
ah a 
> & |e 3 
< > 80 & 20 xs 
z o 1s 2 
a is be fz] 
=) = feet 
By Q 60+ 15 2 
cm) B > 
8 Fea 5 4 
<3 re) on 
fe Oo 40+ 10 Bs 
4 B = Oo 
.o) Oo 3] 
Ay o =) 
‘ 4 Ay 4 
+ e| na 
ad 3 20 z 5 Oo 
oD ‘ é 
0 0 - 
{, FREQUENCY (mo) P. o POWER INPUT (WATTS 
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——— Motorola High-Frequency Transistors 


2N3818 (continued) 
ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Characteristic 


Collector-Emitter Sustain Voltage 


Io = 0.25 Adc, Ror =0 


ee Base Sustain Vor O(sus) * 
In = 0.25 Adc, I, = 0 

Collector-Emitter Current 
Vor = 60 Vdc, Var =0 
Vor = 50 Vdc, VBE = 0, To = 175°C 


Collector Cutoff Current 


Vop = 50 Vae, I, = 0 


I 
Emitter Cutoff Current 


Ves =4 Vdc, Io = 0 


DC Current Gain 
= 400 mAdc, Vor = 2 Vdc 
= 1 Adc, Vor = 2 Vdc 


Collector-Emitter Saturation Voltage 


Io = 1.0 Adc, In = 250 mAdc 


CES 
CBO 

BO 
ME 


Base-Emitter Saturation Voltage 


To = 1.0 Adc, I, = 250 mAdc 


AC Current Gain 


= 2.0 Vdc, I 


¢ = 400 made, 


VoE 
f = 50 me 
Collector Output Capacitance 


V = 25 Vdc, I, = 0, f = 100 ke 


CB E 


Power Input Peat = 15 W, f = 100 mc 


*Pulse Measurement: Pulse Width.< 100 usec, Duty Cycle = 2%. 


POWER OUTPUT versus COLLECTOR VOLTAGE ay POWER OUTPUT versus POWER INPUT 

G 
Ee a 
Ee = 
= < 
= B15 
bi — 
=) 5 
A, Ay 
FE ce 
2 2 10 
oe 
a i 
5 5 
Ay a 5 

3 : 
a ae 

t : 0) 
0 5 10 15 20 25 30 
COLLECTOR-EMITTER VOLTAGE (VOLTS) P,, POWER INPUT (WATTS) 
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Motorola High-Frequency Transistors ——— 


mcs2135, mcs2136 1 soma 
Cc ob — 3 pf 


NF = 3-4 db @ 15.7 ke 


NPN silicon annular transistors in a micro-ceramic 
package for general-purpose, low-current switching 
and amplifier applications. 


CASE 37 


MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current 


Total Device Dissipation @ T A” 25°C 


Derating Factor Above 25°C 


Junction Temperature, Operating 


Storage Temperature Range 
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MCS2135, MCS2136 (continued) 


Motorola High-Frequency Transistors 


ELECTRICAL CHARACTERISTICS (25°C Ambient unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(I, = 10 uwAdc, I, = 0) 


Collector-Emitter Breakdown Voltage* 
(I, = 10 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
(l, = 10uAdc, Io = 0) 


Collector Cutoff Current 
= 50 Vdc, I. = 0) 


= 50 Vde, I, = 0, Ty = 100°C) 


A 


Emitter Cutoff Current 
= § Vdc, In = 0) 


DC Current Gain* 
(I, = luAdc, V 


= § Vdc) MCS82136 


= 5 Vdc) MCS82135 
MCS2136 

= 5 Vdc) MCS82135 
MCS2136 

‘a ~55°C) MC82135 
MCS2136 

= 5 Vdc) MCS2135 
MCS2136 

= 5 Vdc) MCS82135 
MCS2136 


CE 
= 10 wAdc, Vor 


= 10uAdc, Vor 


(I, = 10 wAde, = 5 Vde, T 


VoE 


(I, = 1.0 mAdc, Von 


(I, = 10 mAde, Voz 


Collector-Emitter Saturation Voltage* 
(I, = 10uAdc, I, = 10 wAdc) 
(I, = 1.0 mAdc, I, = 100 wAdc) 
Base-Emitter Saturation Voltage* 
I, = 100 uAdc, I, = 10 wAdc) 
(I, = 1.0 mAdc, I, = 100 wAdc) 


Base-Emitter On Voltage 
I, = 100 wAdc, Vor = 5.0 Vdc) 


High-Frequency Current Gain 
I, = 500 wAdc, Vor = § Vdc, f = 30 mc) 


(I, = 1.0 mAdc, Vor = 5 Vdc, f = 100 mc) 


Output Capacitance 


(Von = 5.0 Vdc, I. = 0, f = 100 kc) 
Input Capacitance 
(Ven = 0.5 Vdc, In = 0, f = 100 kc) 


Small Signal Current Gain 
(I, = 1.0 mAdc, Vor = §.0 Vdc, f = 1 ke) MC8S2135 
MCS2136 


Input Impedance 
‘ pa = 1.0 mAdc, = 5.0 Vdc, f = 1 kc) MCS2135 


MCS82136 


Vor 


Voltage Feedback Ratio 
(I, = 1.0 mAdc, Vor = 5.0 Vde, f= 1 ke) 
Output Admittance 


| Gg = 1.0 mAdc, VQ, = 5.0 Vde, f = 1 ke) 


CE 


Noise Figure (Power Bandwidth = 15.7 kc) 
I, = 10 uAdc, Vor = 5 Vdc, R_=10kohms) MCS2135 
8 MCS2136 


*Pulse Test: PW = 300 sec, Duty Cycle s 2% 
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Motorola High-Frequency Transistors 


; | Vero = 60 V 
mes2137, mcs2138 l= 50mA 
C= 3 f 


p 
NF = 3-4 db @ 15.7 kc 


PNP silicon annular transistors in a micro-ceramic 
package for general-purpose, low-current switching 
and amplifier applications. 


CASE 37 


MAXIMUM RATINGS 


ee 
Collector-Base Voltage | veo | Vde 
Collector-Emitter Voltage | veo f | Vdc 
Emitter-Base Voltage | Ym f 8 | Vde 
Collector Current ie), * | mAdc 
Total Device Dissipation @ T A= 25°C 150 mW 
. Derating Factor Above 25°C 1.5 mW/°C 
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Motorola High-Frequency Transistors 


MCS$2137, MCS2138 (continued) 
ELECTRICAL CHARACTERISTICS (25°C Ambient unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(I, = 10 uAdc, I, = 0) 


Collector-Emitter Breakdown Voltage* 
(I, = 10 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 


(I, = 10uAdc, In = 0) 


Collector Cutoff Current 
= 50 Vdc, In = 0) 


=.50 Vdc, I. = 0, Ty = 100°C) 


Emitter Cutoff Current 
(Vip = § Vdc, In = 0) 

DC Current Gain* 
I, = lywAdc, Vor 
(I. = 10 uAdc, V 


= 5 Vdc) MCS2138 


CE? 5 Vdc) MCS2137 
MCS2138 

CE? 5 Vdc) MCS2137 
MCS2138 

= 5 Vdc, T, = -55°C) MCS2137 

CE A ~-MCS2138 

I, = 1.0 mAdc, V 


Cc 
(I, = 10uAde, V 


(I, = 10HAde, V 


cE = 5 Vae) MCS2137 

| MCS2137 

cE 7 5 Vae) MCS2138 
MCS2137- 


Collector -Emitter Saturation Voltage* V CE (sat)” 
I, = 10nAdc, I, = 10 wAdc) 


(I, = 1.0 mAdc, I, = 100 wAdc) 


(I, = 10 mAdc, V 


Base-Emitter Saturation Voltage* 
(I, = 100 wAdc, I, = 10 wAdc) 


(I, = 1.0 mAdc, I, = 100 wAdc) 


Base-Emitter On LM aaae 
(I, = 100 wAdc, V CE= 5.0 Vde) | 


High-Frequency Current Gain 
(I, = §00 wAdc, Vor = § Vdc, f = 30 mc) 


(I, = 1.0 mAdc, Vo, = 5 Vde, f = 100 mc) 


Output Capacitance 


(Von = 5.0 Vde, I, = 0, £ = 100 kc) 


E 
Input Capacitance 
Vip = 0.5 Vdc, In 
Small Signal Current Gain 
I, = 1.0 mAdc, Vor = 5.0 Vdc, f=1kc) MCS2137 
; ~ MCS2138. 


= 0, f = 100 ke) 


Input Impedance 
I, = 1.0 mAdc, V,,, = 5.0 Vdc, f= 1kc) MCS2137 


CE MCS2138 


Voltage Feedback Ratio 
I, = 1.0 mAdc, Vor 


Output Admittance MCS2137 
(I, = 1.0 mAdc, Va, = 5.0 Vde, f=1kc) ycgei3g 


Noise Figure (Power Bandwidth = 15.7 kc) 
re = 10uAdc, Vor = 5 Vdc, = 10 kohms)MCS2137 
7 Poe MCS2138 


*Pulse Test: PW < 300 psec, Duty Cycle <2% 


= 5.0 Vdc, f = 1 kc) 
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Vees = 60 V 
Grpe= 8 db @ 30 Typ 
P, = 30 W @ 30 Mc 


NPN silicon annular transistor for high-frequency amplifier 


and oscillator applications. | 
MAXIMUM RATINGS 


Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 
_ Base Current (Continuous) 


Total Device Dissipation 
(25°C Case temperature) 
(Derating Factor above 25°C) 


Junction Temperature 


Storage Temperature + -65 to +175 


ELECTRICAL CHARACTERISTICS (At 25°C) 
Collector-Cutoff Current (Voz = 30 Vdc, I, = 0) | topo [—- | — | 8 | Hage 


Collector-Emitter Cutoff Current lors 2.0 mAdc 
(Vor = 60 Vdc, Var = 0) 
(VCE= 50 Vdc, VBE = 0, To = 150°C) 4.0 
Emitter-Cutoff Current I 500 Adc 
(Vin = 3 Vde, I, = 0) BBO 
EB =C 
Collector-Emitter Sustaining Voltage Vors (sus) 120 Vdc 
(Ip = 0.250 A, Rp, = 0, PWS 100 usec, DC = 2%) a 
Collector-Emitter Open- Base Sustaining Voltage | V Vdc 
(I, = 0.250 A, I, = 0, PWS 100 usec, DC = 2%) cro a 
DC Current Gain 
(I. = 2 Adc, Vor = 2 Vdc) 
(I, = 4 Adc, VA, = 2 Vdc) 


Colléetor-Emitter Saturation Voltage 
(Ig = 4.0 Ade, I, = 2 Ade) 


Base-Emitter Saturation Voltage 
(I, = 4.0 Adc, I, = 2 Adc) 


High-Frequency Current Gain 
(I = 2 Adc, Vor = 2 Vdc, f = 25 Mc) 
Output Capacitance 
(Vop = 25 Vdc, I, = 0, f = 100 kc) 


Power Input 


(P= 30 W, f= 30 Mc, V 


CE> 25 Vdc, 


To(max 
Efficiency . 
(P, = 30 W, f = 30 Mc, Vor = 25 Vdc, To(max) = 2.4 A) 


Power Gain 


(P, = 30 W, f= 30 Mc, V 


CE* 25 Vdc, 


I¢(max) = 2.4 A) 


8-242 


Vers = 60 V 
MFOO2 G,;= 8db @ 50Typ 


P, = 30 W @ 50 Mc 


CASE 1 NPN silicon annular transistor for high-frequency amplifier 
(TO-3) and oscillator applications. 
MAXIMUM RATINGS 


Collector-Base Voltage 


Collector-Emitter Voltage 60 
Emitter-Base Voltage Ves 3 
Collector Current (Continuous) Io 3.0 
Base Current (Continuous) I, 750 
Total Device Dissipation Pn 40.0 
(25°C Case temperature) 266 
(Derating Factor above 25°C) 
Junction Temperature Ty 175 
Storage Temperature T ste -65 to +175 


ELECTRICAL CHARACTERISTICS 


Collector-Cutoff Current (V CB= 30 Vdc, I, = 0) I — —_— 2 Adc 


E 


Collector-Emitter Cutoff Current 
(Vor = 60 Vdc, VBE = 0) 


(Vop = 50 Vde, Van = 0, Tp = 150°C) 


Emitter-Cutoff Current In 500 pAdc 
(Vis = 3 Vdc, Ia = 0) 

Collector-Emitter Sustaining Voltage Vors (sus) Vdc 
(I, = 0.250 A, Ror = 0, PWS 100 usec, DC = 2%) 

Collector-Emitter Open-Base Sustaining Voltage Vor O(sus) 
(IQ = 0.2504, I, = 0, PW < 100 psec, DC = 2%) 


DC Current Gain 
(I, = 2 Adc, Vor = 2 Vdc) 
(I, = 2 Adc, Vor = 2 Vdc) 


Collector-Emitter Saturation Voltage Vo E( 


(I, = 2.0 Adc, I, = 1 Adc) 


High-Frequency Current Gain Dee pee | — 
(I, = 800 mAdc, Vor= 2.0 Vdc, f = 50 Mc) 

Output Capacitance Cob lak hon 100 pf 1 
(Von = 25 Vdc, I, = 0, f = 100 kc) 
(P, = 30 W, f = 50 Mc, Vor = 25 Vdc, To(max) =2A 

Bitciency 7 % 
Bin Yat tao 2* || 


CE~ 


Power Gain 


Cc 


(P, = 30W, f= 50 Mc, V,, = 25 Vdc, I 
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Motorola High-Frequency Transistors 


G, = 9 db @ 175 Mc 
mm 194] | P, = 100 mW @ 175 Mc 


@ 


NPN silicon annular transistor for high-frequency 
power oscillator, multiplier and driver applications. 


aA 


CASE 22 
(TO-18) 


MAXIMUM RATINGS (at 25°C case temperature unless otherwise noted) 


Characteristic 
Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage 
Base Current 

Collector Current 


Input Power 


Output Power 


Power Dissipation @ To = 25°C 
Derate above 25°C 


Power Dissipation @ T A” 25°C 
Derate above 25°C 


Junction Temperature 


Storage Temperature 


*See Safe Area Curve 


ELECTRICAL CHARACTERISTICS at 25°C ambient temperature unless otherwise noted) 


Collector-Emitter Vv * I, = 15 mA, R,,, =0 
- Sustain Voltage CES(sus) Cc ’ BE cae 
Collector-Base BVapo I. = 100 pAdc, 
Breakdown Voltage 
. ae 
- el 


Characteristic 


c* Ty = 0 
Collector Emitter-Open | B I, = 15 mA, I, =0 
Collector Cutoff Current Vap = 15 Vde, I, =0 0.01 |0.1 
CB E pAde 
Vop = 15 Vdc, I, = 0, To = 100°C - 25 
Cc 


Emitter Cutoff Current 

: 

ee ct Ate 
f = 100 mc 

i 
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= 10 mAdc, V E= 10 Vdc 


Motorola High-Frequency Transistors 


MM1941 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 


Power Output f = 80 mc, V 
(Oscillator) 


oc 7 13.6 Vde, 
Io(yp) = 20 mAde 


Power Gain (Multiplier) f 4 = 80 mc, fe = 240 mc 
Vv 


= 13.6 Vdc, P_, = 30 mW 
out 
= 25 mAdc 


CC 
Io (typ) 


*Pulse Test: PW = 100 usec; DC = 2% 


POWER OUTPUT versus FREQUENCY POWER OUTPUT versus FREQUENCY 


CCH sed 


Vog = 13.6 Vde 


Puts POWER OUTPUT (mW) 
g 
Pou POWER OUTPUT (mW) 


50 100 200 500 
f, FREQUENCY (mc} f, FREQUENCY (mc) 
INPUT AND OUTPUT IMPEDANCE versus 
SAFE OPERATING AREA COLLECTOR CURRENT PARALLEL EQUIVALENT 
—— — 
a eee I 
= | — 
Z 3° [7 a 
E a oe he 
e a = — 
r=] ° a. ' a dl 
. 2° *r aes 
y. Se ae i 
aes se Bie 
Vee. COLLECTOR-EMITTER VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mA) 
POWER OUTPUT CHARACTERISTICS POWER OUTPUT CHARACTERISTICS 
300 300 
Vee = 8 Vde 
Pty EL LL Pe 
250 250 
ttt ttt : 
200 = 200 
(ERR ESS - 
= 
100 5 100 


Pout POWER OUTPUT (mW) 


. 2 


0 : 
0 10 20 30 40 50 60 70 80 90 =: 100 0 19 20 30 40 50 60 70 80 90 100 
Pi,x POWER INPUT (mW) P;_. POWER INPUT (mW) 
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Motorola High-Frequency Transistors 


: G, = 9db @ 175 Mc 
mm 1943 a = 300 mW @ 175 Mc 


NPN silicon annular transistor for high-frequency 
CASE 22 multiplier and driver applications. 


(TO-18) 
MAXIMUM RATINGS at 25°C case temperature unless otherwise noted) 


Characteristic 


vos 


Collector Current 
Input Power 


Output Power 


Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Device Dissipation GT A= = 25°C 
Derate above 25°C 


Junction Temperature 
Storage Temperature Range 


Characteristic eis Test Conditions |Win 
Collector-Emitter V = 15 mA, Rp 
Collector-Base BVopo = 100 pAdc, I 
Breakdown Voltage | 
Collector Emitter-Open | BV = 15 mA, I, 
Base Sustain Voltage CEO (sus) | ‘c la al 


= otnpae = ceed 


Collector Cutoff Current = 15 Vdc, In 


Emitter Cutoff Current | eo Ve = 3 Vdc, Ia 
DC Current Gain | Bee | In = 10 mAdc, Vor 


AC Current Gain a | Vo = 10 Vdc, Ta = 10 mAdc 7 . 
4€ t edd e 


Collector Output Vo = 15 Vde, I, =0, f = 100 ke 
Capacitance 
oe ae Poca iki Go Ea Ba a 
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= 10 Vdc 


Motorola High-Frequency Transistors 


MM1943 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Power Gain 


senor [oe [ee [lo 


Efficiency n 


Power Gain (Multiplier) 


*Pulse Test: PW = 100 usec; DC = 2% 


POWER OUTPUT versus FREQUENCY 


Pout» POWER OUTPUT (mW) 


c= is. 6 Vdc, I 


= 80 mc, f 
in out 
= 13.6 Vdc, P 


Pour POWER OUTPUT (mW) 


C(max 


= 240 mc 


=70 mW 
out 


50 100 200 500 
f, FREQUENCY (mc) f, FREQUENCY (mc) 
{NPUT AND OUTPUT IMPEDANCE versus 
SAFE OPERATING AREA ee CURRENT PARALLEL EQUIVALENT 


50% DUTY CYCLE 


ce a a 


Ic, COLLECTOR CURRENT (AMPS) 


Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


POWER OUTPUT CHARACTERISTICS 


Voge =: 8 Vdc 
f = 250 mc 


Powe POWER OUTPUT (mW) 


P,,, POWER INPUT Wty} 


INPUT AND OUTPUT RESISTANCE (OHMS) 


COLLECTOR EFFICIENCY (%) 
Pou» POWER OUTPUT (mW) 
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f = 175 mc 
Vo = 10V 


rill 
lint 
ilk 


att 
AN 
Ui I 
SM: 


Ic, COLLECTOR CURRENT (mA) 


POWER OUTPUT CHARACTERISTICS 


Veg = 13.6 Vde 
f = 250me 


+} 
nD GE ee 


ae ie 


“wan rs 


P., POWER INPUT (mW) 


m COLLECTOR EFFICIENCY (%) 


Motorola High-Frequency Transistors 


V. B =30V 
mm2903 G, = 20 db @ 200 Mc 


PNP germanium annular transistor for high-gain, 
low-noise amplifier, oscillator and frequency multi- 


CASE 22 plier applications. 
(TO-18) 


MAXIMUM RATINGS 


Collector Current 


Total Device Dissipation 
(25° C Ambient Temp. ) 
Derate above 25° C 


Junction Temperature 
Storage Temperature Tt g -65 to +100 
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Motorola High-Frequency Transistors 
MM2503 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Collector -Base Breakdown Voltage 


I, = -100uAdc, I, = 0 


< 
2. 
Q 


Collector -Emitter Breakdown Voltage 
Io = -100yAdc, VBE =0 

Collector-Emitter Breakdown Voltage 
In = -lmAdc, I, = 0 

Emitter-Base Breakdown Voltage 
Ip = -100yu Adc, In =0 


< 
Qa 
Q 


Collector-Cutoff Current 
Vop = -6Vdc 
Vv 


op = ~6Vdc, T, = +55°C 


A 


DC Forward Current Ratio 
VéE = -6Vdc, In = -3mAdc 


Collector-Emitter Saturation Voltage 
Io = -3mAdc, I, = -0. 3mAdc 


Base -Emitter Saturation Voltage 


Io = -3mAdc, I, = -0. 3mAdc 


Small Signal Forward Current Ratio 
VcE = -6Vdc, To = -3mAdc, f = 1KC 


Collector-Base Capacitance 
VoB = -6Vdc, Ih = 0, f = 100KC 


Collector-Base Time Constant 


Vos = -6Vdc, I, = +3mAdc, f = 79.8MC 


Current Gain-Bandwidth Product 
Vor = -6Vdc, In = -3mAdc, f = 100MC 
Power Gain 


Vin = -6Vdc, I 


Ge = -3mAdc, f = 200MC 


Cc 


Noise Figure 
E> -6Vdc, In = -3mAdc 


= 502, f= 200MC 
g 


Power Gain (AGC) 


VoE = -9Vdc, In = -l5mAdc, f = 200MC 
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Motorola High-Frequency Transistors 


mm2550 | fesse ahd 


Ic = 100 mA 
f; = 1000 Mc 
fore = 2.5 nsec 
@ PNP germanium epitaxial mesa transistor for high-. 
speed, low-power, current-mode switching applica- 
tions. 
CASE 22 


(TO-18) 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 


Device Dissipation 
@ To = 25°C 
Derating factor above 25°C 


Device Dissipation 
@T Ke 25°C 
Derating factor above 25°C 


Collector-Base Breakdown Voltage 
(Il, = -100 pAdc, In = 0) 


Collector-Emitter Breakdown Voltage 
(i. = -10mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
(I, = -100 pAdc, Iy = 0) 


Collector Cutoff Current 
(Vop = 10 Vde, Ip = 0) 


DC Current Gain _ 


I, = -10 mAdc, Vor = -5 Vdc) 


Collector Saturation Voltage 


Vv 
(I, = -10 mAde, I, = -1.0 mAdc) CE(sat) 


Base-Emitter Saturation Voltage 


V. 
(I, = -10 mAdc, I, = -1,0 mAdc) BE (sat) 
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Motorola High-Frequency Transistors 


MM2550 (continued) 
Current Gain-Bandwidth Product 
= -5 mAdc, V = -~10 Vdc, f = 100 mc) 1000 
1000 mc 
CE 1000 mc 
Collector Output Capacitance Cop mcs el le pf 
(Voz = -5 Vdc, I, = 0, f = 100 kc) 
Turn-off Time tote nsec 
(Io = -10 mAdc, VoR(on) = -5V) 1.8 
CURRENT MODE SWITCHING TIME CIRCUIT 


ELECTRICAL CHARACTERISTICS (continued) 
CE 

(I, = -10 mAdc, V CE = = -5 Vdc, f = 100 mc) 
(I, = -15 mAdc, V = -2 Vdc, f = 100 mc) 

Collector-Base Time Constant psec 
(I, = +10 mAdc, Vop = -5 Vde, f = 31.8 mc) 

Turn-on Time Cin nsec 
(In = -10 mAdc, Vox(on) = -5V) 1.8 

Vor v I 


t_, t. <Insec 
ro 

R_ = 502 

s 


10nsec . 
' 1 802 Ges Oh ae ON ee 
ma Cc, Co C, 


t ! 5. 2K! 
V 
IN | | ©) 
SHIELD 
* | 502 
| Rae ae | 
(O} I = iene | = 
502 =-.J 
I FD700 = 
3-1502 
Resistors — 
In Parallel a ee ae 
C, Co C. 


Cc 150 pf 
C, = 0.01 rf 
C,=0.1 pf 
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Motorola High-Frequency Transistors 


Vero = 10V 
mMmM2552 lc = 100 mA 


ioe 1000 Mc 
forts = 2.5 nsec 


PNP germanium epitaxial mesa transistor for high- 
speed, low-power, current-mode switching applica- 


tions. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Device Dissipation 
@ To 225. C 


Derating factor above 25 °C 


Device Dissipation 
@ To = 25°C 


Derating factor above 25°C 


Collector- Base Breakdown Voltage 
(I, = -100 wAdc, I, = 0) 


Collector-Emitter Breakdown Voltage 
co -10 mAdc, I, = 0) 


Emitter- Base Breakdown Voltage 
(Il, = -100 wAdc, Io = 0) 


Collector Cutoff Current 
(Vop = -10 Vac, I, = 0) 


DC Current Gain 
(Ig = -25 mAdc, Vor 


Collector Saturation Voltage Vv Vde 
B 
Base-Emitter Saturation Voltage Var (sat) Vdc 
(I, = -25 mAdc, I, = -2.5 mAdc) -0.7 
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= -5 Vdc) 


Motorola High-Frequency Transistors 


MM2552 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Current-Gain, Bandwidth Product 
(Ig = -30 mAdc, V = -2 Vdc, f = 100 mc) 


CE- 
= -25 mAdc, V -5 Vdc, f = 100 mc) 


CE 
(I. = -20 mAdc, Vop = -10 Vac, f = 100 mc) 


Cc 


Collector Output Capacitance 


(Vop = -5 Vdc, I, = 0, £ = 100 kc) 


Collector-Base Time Constant 


(Ip = +25 mA, Vag = -5V, f = 31.8 mc) 


Turn-on Time 
(Ig = ~25 mAdc, V 


CE(on) ~ “oN Ae) 


Turn-off Time 
(Ig = -25 mAdc, V 


CE(on) ~ -5 Vdc) 


CURRENT MODE SWITCHING TIME CIRCUIT 


Vacr7l¥ @ VoR(on) -5V 


ts t < Insec 


R_ = 502 
s 


10nsec ale 
ne A 802 =c crc 


5.2Ka! 
V 
SHIELD 
= I 502 
| ie . oa 
(O} | ss wee - 
502 > ~-d 
I FD700 = 
— 502 . C) -1.5V 
3-1502 
Resistors = 
In Parallel 1K 2 ie ee 
C, Cy Ce, 


<i 
am | 
Zz 

| 

i] 

i] 

i] 

1 i] 
iw) (a) 
) 

i| 


i] — oun 
1 i a C.= C.-C 
! Vig = 25.5V 1 2 3 
tees ~5 
1 
V i/t 
out !/1 =! -\----- -7 

r 1 | C, = 150 pf 
\ 8 

a as = 1 C, = 0.01 rf 
t off C,= 0.1 pet 
on 3 
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Motorola High-Frequency Transistors 


mm2554 | : Vero = 10V 


Ic = 200 mA 
f; = 1000 Mc 


tors = 2.5 nsec 
PNP germanium epitaxial mesa transistor for high- 
i speed, low-power, current-mode switching applica- 
CASE 31 mone: 
(TO-5) | 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 
Collector Current 
Junction Temperature 


Storage Temperature 


Device Dissipation 
@ To = 25°C 


Derating factor above 25°C 


Device Dissipation 
@ T ee 25°C 


Derating factor above 25°C 


Collector-Base Breakdown Voltage 
(I, = -100 wAdc, I = 0) 


Collector-Emitter Breakdown Voltage 
(I, = -10mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(I, = -100 wAdc, IQ = 0) 


Collector Cutoff Current 
= -10Vdc, I, = 0) 


DC Current Gain 


(I, =.-40mAdc, V = -5 Vdc) 


CE 


Collector Saturation Voltage 


I, = -40mAdc, I, = -4mAdc) 


Base-Emitter Saturation Voltage 


I, = -40mAdc, I, = -4mAdc) 
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Motorola High-Frequency Transistors 


MM2554 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Current-Gain, Bandwidth Product 


(I, = -35mAdc, V,,., = -10Vdc, f = 100MC) 
Cc CE 

(I, = -40mAdc, Vag = -5Vde, f = 100MC) 

(I. = -45mAdc, V,., = -2Vdc, f = 100MC) 
C CE 


‘Collector Output Capacitance Cop pf 
CB = -oVde, I, = 0, f = 100KC) 


Collector-Base Time Constant 


(, = +40mAdc, V,, = -5Vde, f = 31. 8MC) Sk ie 
t 


Turn-on Time 
(I, = -40mAdc, V 


CE(on) * 7 5Vdc) 


tore 1.6 nsec 


CURRENT MODE SWITCHING TIME CIRCUIT 


Turn-off Time 
(I = -40 mAdc, 


VogertV I= ~25mA 
e VcE(on) =O 
ts te < Insec 
R, = 502 
10nsec 
ne a 802 =cr crc, 
! ! 5. 2Ka! 
V 
IN Oo) 
SHIELD 
am i 502 
| Te 1 a 
(O} | t Irs | a 
502 re | 
I FD700 = 
3-1502 
Resistors — 
In Parallel 1K 2 oe Os 
Cy Cy Cy 
: dpa eel 
Veg = 25. 5V ~C,- Co Cy 
Cy = 150 pf 
Cy = 0.01 pf 
C,=0.1 vf 
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Vero = 12V 
mMmM2894 Leonel 


hee = 70 
torr = 60 nsec 


| PNP silicon annular transistors for low-level, high- 
Speed switching applications. 


MAXIMUM RATINGS 


Characteristic 
Collecto..-Emitter Voltage V CEO 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derate above 25°C 


CASE 22 
(TO-18) 


Total Device Dissipation 
@ 25°C Case Temperature 
Derate above 25° 


Storage Temperature T ste -65 to 200 


SWITCHING TIME TEST CIRCUIT 


Vb -2V 
10022 62 Q 
0.1 2K 2)  N 
Vy out 
in To Sampling 
Pulse Source 1002 Scope 
Rise Time< lns f Rise Time <l1ns 
P.W.> 200ns > = Input Z=100K 
Z. = 502 
in 
se Vib = +3V Vin = -/V 
T OEE Vib = -4V Vin = +6V 
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Motorola High-Frequency Transistors 


MM2894 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 
fe i [| 


Collector Cutoff Current pA 
Vop= “8V; I, =0 .08 
Vop= Vv, I, = 9, Ty = 125 Cc 10 


ICBO 
Collector-Base Breakdown Voltage BV Vdc 
I. = 10uA, I, = 0 cee 
Cc iL > E 
~ i ini * 
Collector -Emitter Sustaining Voltage Vv CEO(sust) Vdc 
I. =10mA, I, =0 
Cc » “B 
Emitter-Base Breakdown Voltage BV Vdc 
b= 100uA,: 1-0 ee 
E aed ©: 
asia -Emitter Saturation Voltage V CE(sat) Vdc 
C = 10mA, I, =1.0mA 
In = 30mA, I, = 3.0mA 
I, = 100mA, I, = 10mA 
Base -Emitter Saturation Voltage Vor (sat) Vdc 
I, = 10mA, I, =1.0mA -0.68 ~0. 83 
Ia = 30mA, I, = 3.0mA -0. 74 | -0.89 
In = 100mA, I, = 10mA -1.7 
h * 
Re 25 
C 30 
C 40 70 150 
c= 30mA, Vor = 0. 5v (-55° C) 17 
ce 100mA, Vor = 1.0V 25 
Output Capacitance Cob pf 
Vop = ~5.0V, I, = 0, f = 140KC 
Emitter Transition Capacitance Cor pf 
Ves = -0.5V, Ta = 0, f = 140KC 
Turn On Time Le 23 nsec 
In = 30mA, Ii =1.5mA 
Turn Off Time T ore 34 nsec 
I, = 30mA, Ini = Ino = re oSmA 


* Pulse Conditions; length = 300 usec 
duty cycle < 2% 
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Motorola High-Frequency Transistors 


MM2894 (continued) 


3S - 
a & 
a fz] 
Ay oO 
S 
Io - COLLECTOR CURRENT (mA) 
1.0 
Sx TYPICAL SWITCHING TIMES EH it Strona CoLLECTOR| T] 
= 101, = 101, ue 
3 meas cae a ee ei 
| 0.6 
E ge Tt It wnt 
£ oe LEA TES 
> 
0.2 End 
0 
wl 2 5 1 2 5 10 20 50 100 
In - COLLECTOR CURRENT Ip - BASE CURRENT (mA) 
200 
eS TYPICAL SATURATION VOLTAGE Heth 
& 
| § EN ye se ey 
3 Et ee mG 
100 So 2 ager es ELL! 
fs ae TS axe it 9 
a Those ; 
50 : 
40 iS. 
a 


~ 100 


COEFFICIENTS (mvV/°C) 
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Motorola High-Frequency Transistors ——— 


mps7 06 les ' 


1, = 60 nsec 


NPN silicon annular, plastic encapsulated transistor 
designed for low-cost, high-speed switching applica- 
tions. For typical curves, see 2N706 data sheet. 


CASE 29 


MAXIMUM RATINGS 


ee ee 
vom 


Total Device Dissipation 
@ 25°C Case Temperature 


(Derate 5 mW/°C above 25°C) 


Total Device Dissipation 
@ 25°C Ambient Temperature 


(Derate 3 mW/°C above 25°C) 
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Motorola High-Frequency Transistors 


MPS706 (continued) 


Emitter Cutoff Current 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 
Ven = 2 V, I= 0 


Characteristic | symbot 
yp reacaea nies a | Iono 
CB aa <} 
Cc coe 
Collector-Emitter Breakdown Voltage* BV * 
CEO. 
I. = 10 mA, I, =0 
Cc > “B 
Collector-Emitter Breakdown Voltage* BV opr’ 
= 10mA, R= 102 
* 
hog 
V 
V 
Cob 
Nee 
rh 
T ** 
s 
Tek 
on 
ek 


Io 


Forward-Current Transfer Ratio* 
In= 10 mA, Vor = 1vV 


Base-Emitter Voltage* 


= 10 mA, I_,=1mA 


I B 


Cc 


Collector Saturation Voltage* 


= 10 mA, I, = 1mA 


To 


Collector Capacitance 
= 0 


Van =10V,1 


CB E 


Small-Signal Forward Current Transfer 
Ratio 
V 


= 15 Vdc, I= 10 mAdc, f = 100mc 


CE E 


Base Resistance . 
Vor = 15 Vdc, I, = 10 mAdc, f = 100mc 
m 


Charge Storage Time Constant 
(See Figure 2) 
ee 


* Pulse Test: PW < 12 nsec, Duty Cycle < 2% 
**Switching Times Measured with Tektronix Type R 
Plug-In (502 Internal Impedance) and Circuits Shown 


SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT 


Type R Sampling Resistor po 
Vee <= 3Vdc 202 


adjust for 10mA 
{ ; Pulse Volts 9802 
internal Resistance 


Type R Sampling Resistor — 
202 


Pulse Voits 2709 
Internal Resistance 


Vee — 10Vde 
(adjust for 10mA) 


+7V 2002 
; Sg 1.8K +5V 
OV | ah OV— —j— -|- 
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Motorola High-Frequency Transistors 


Vero = 30V 
mpsOo4 gas ra 


tor = 30 nsec 


NPN silicon annular, plastic encapsulated transistor 
for low-cost, high-speed switching applications. For 
typical curves, see 2N834 data sheet. 


CASE 29 


MAXIMUM RATINGS 


—— | a TS 
a 
a 
Emitter- Base Voltage 


Total Device Dissipation 
@ 25°C Case Temperature 


(Derate 5.0 mW/°C above 25°C) 


Total Device Dissipation 
@ 25°C Ambient Temperature 


(Derate 3.0 mW/°C above 25°C) 


TURN-ON AND TURN-OFF CHARGE STORAGE TIME 
TIME MEASUREMENT CIRCUIT CONSTANT MEASUREMENT CIRCUIT 


tea: Vex = —4¥de tere: Van = +16 Vde VV, = —19 Vde 
ov ov 
Vin = +21 Vde 


NOTE: ALL SWITCHING TIMES MEASURED WITH LUMATRON MODEL 420 SWITCHING TIME TEST SET OR EQUIVALENT. 
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MPS834 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 


In = 0,1, = 10 pAdc 


Emitter-Base Breakdown Voltage 


I, = 0, I, = 10 Ade 


Collector Cutoff Current 


VBE = 0, Vor = 30 Vdc 


Collector Cutoff Current 
In = Q, Vos = 20 Vdc 


Forward Current Transfer Ratio* 


In = 10 mAdc, Vor = 1 Vdc 


Collector Saturation Voltage* 


Ia = 10 mA, In = 1mA 


Collector Saturation Voltage* 
In = 50 mA, In = 93mA 


Base-Emitter Saturation Voltage* 


In = 10 mAdc, I, = 1,0 mAdc 


Collector Capacitance 
I = 0, Vos = 10 Vdc, f = 100 kc 


Small«Signal Forward Current Transfer 
Ratio 


I, = 10 mAdc, 


Cc = 20 Vdc, f = 100mc 


Vcr 


Current Gain Bandwidth Product 


Ia = 10 mAdc, Vor = 20 Vdc, f 


Charge Storage Time Constant 


I, = 10 mA, I 


Cc = = 10mA 


Bl B2 


Turn-on Time 


Iq = 10 mA, I = 


Turn-off Time 


I, = 10 mA, I 


Bl 


* Pulse Test PW <12 nsec, Duty Cycle < 2% 
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urs 18 coed geio ne 
MPS3563 P, = 30 mW @ 500 Mc 
NPN silicon annular, plastic encapsulated transistors 
for low-cost, amplifier and oscillator applications at 
| VHF and UHF. | 
CASE 29 


MAXIMUM RATINGS 


Characteristic | Symbol 
Vv 


MPS918 


Collector-Emitter Voltage 


Total Dissipation 
@ 25°C Case Temperature 


@ 25°C Ambient Temperature 


VcBo 

VcEO 
Emitter-Base Voltage EBO 

Pp 

Ty 

T stg 


200 MC POWER GAIN TEST CIRCUIT 


. f) INPUT IMPEDANCE — 509 


1000 pf 
L, VITRAMON 


10002 1000 RFC 
—Vee © O O O +Vee 


“2 a: 
— = 1.5-7.5pf — 


O01 pf 


Olt 


L: — 3.5 TURNS NO. 16 TINNED COPPER WIRE; 5/16” DIA; 7/16” LONG 
TURNS RATIO — 4 TO 2 

L2 — 8 TURNS NO. 16 TINNED COPPER WIRE; 3” DIA; 2” LONG OUTPUT IMPEDANCE = 502 
TURNS RATIO — 8101 


Ls — MILLER #4303 (0.4 — 0.65yh) —_ 
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Motorola High-Frequency Transistors 


MPS918, MPS3563 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector Cutoff Current MPS918 


Vo = 15V, I, = 0 MPS3563 


Collector -Base Breakdown Voltage 


=1.0uA, I, =0 MPS918 


= 100 vA, I, =0 MPS3563 


Emitter-Base Breakdown Voltage 
MPS3563 


Collector -Emitter Voltage 
In = 3.0 mA, In =0 MPS918 
MPS3563 


DC Current Gain 


Vor =1V, In = 3mA MPS918 


Vor = 10V, To = 8mA MPS3563 


Collector-Emitter Saturation Voltage 
Io = 10mA, I; =lmA MPS918 


Base-Emitter Saturation Voltage 
Tn = 10mA, I, =1lmA MPS918 


Small Signal Current Gain 
Ta = 4mA, Vor = 10V, f = 100mc MPS918 


I, = 8mA, Vag = 1OV, f = 100me MPS3563 
I, = 8mA, V,, = 10V, f =1kc MPS3563 


CE 
CE 
Output Capacitance 
= 10V. In = 0, f = 140kc MPS918 
= 10V, I, =0, f=1imc MPS3563 
= OV, 1. =0, f = 140kc MPS918 


Input Capacitance 


Vig 7 9-5V, I, MPS918 


=: 
ox 


Amplifier Power Gain 
In = 6mA, f = 200mc, Vop = MPS918 


Io = 8mA, Vor = 10V, f = 200mc MPS3563 


Gry + Gig < -20db 


= 
Se oO 


8 
= 


Power Output 


I, = 8mA, Vop = 15V, f = 500me MPS918 


CB 


Collector Efficiency 
Io = 8mA, Vos = LV, f = 500mc MPS918 


@ 
Ee 


Noise Figure 
Io =1mA, V 


Rg = 400 


= 6V, f = 60mc, MPS918 


CE 


*PW < 300 usec. DC <1% 
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mps2894 clas 
torr = 90 nsec 


PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica- 
tions. 


MAXIMUM RATINGS 


Characteristic 
Collector -Base Voltage 


Collector -Emitter Voltage 
Emitter-Base Voltage 


Total Device Dissipation 


CASE 29 


@ 25°C Ambient Temperature 
Derate above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature 
Derate above 25°C 


Operating Junction Temperature a 
Storage TeMpeTeNee Range -55 to +125 


-2 V 
Yep 
62 
100 
0.1 Nae 
V To Sampling Scope 
is 100 2K Rise Time < 1 ns 
PW = 300 ns oe = 100 K 
t. = t. < 1ns — 
Sin 500 tone Yop * +3, vig oe 
Tore? bb “4 V, te +6 V 
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MPS2894 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C case temperature unless otherwise noted) 


Collector Cutoff Current 
= -6 V, I = 0 


= -6V, I, =0, T, = 125°C 


A 
Collector -Base Breakdown Voltage BV, -12 
In = 10 pA, I, = 0 . 
eer baa - 
Collector-Emitter Sustaining Voltage Vcro (sust) 
I, = 10 mA, I, =0 


Emitter-Base Breakdown Voltage 


Ip = 100 pA, I, = 


' Collector-Emitter Saturation Voltage VcK(sat) 


= 10 mA, I, = 1.0 mA 
= 30 mA, I, = 3.0 mA 


= 100 mA, I, =10 mA 


Base-Emitter Saturation Voltage Vv 
=10 mA, I, =1.0 mA BE(sat) 
= 30 mA, I, = 3.0 mA 
= 100 mA, I, =10mA 


DC Pulse Current Gain* 
=1mA, Vor =0.3V 


=10 mA, Von =0.3V 
= 30 mA, Vog = 0.5 V 
= 30 mA, Voz = 0.5 V (-55°C) 


= 100 mA, Vag =1.0V 


* 
FE 


High Frequency Current Gain (f = 100 mc) 


Vor =10V, In = 30 mA 

Output Capacitance ob 
Vos = -5.0 V, I, = 0, f = 140 ke 

Emitter Transition Capacitance TE 
Vip = 70.5 V, I, = 9, f = 140 ke 

Turn-On Time 2 
In = 30 mA, I, 72-5 mA . 


Turn-Off Time 


= 30 mA, In 


Io 


= Ibo = 


* Pulse Conditions: Length = 300 usec 
Duty Cycle < 2% 
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Motorola High-Frequency Transistors 


Veto =25V 
MPS2920 thru MPS2929 tak 
Pp = 200 mW 
NPN silicon annular, plastic encapsulated transistors 
for low-cost, medium-Speed, general-purpose ampli- 
fier and oscillator applications. 
CASE 29 


MAXIMUM RATINGS 


Characteristic 


Collector -Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector dc Current ae 
Pp 


Total Device Dissipation mW 
@ 25°C Ambient Temperature 


Derating Factor above 25°C 


Total Device Dissipation 
@ 55°C Ambient Temperature 
Derating Factor above 25°C 


= 
> 


Collector Cutoff Current 
Vop = 25, I, =0 


Vog = 25V, 1, =0, T, = 100°C 


_— 
> 


Emitter Cutoff Current 


Vep=oV 


Small Signal Current Gain (f = 1 kc) 


Vop = 10V, = 2mA 


MPS2923 
MPS2924 
MPS2925 


> 


Collector Capacitance 
Vop = 10 V, I, = 0, f=1me 
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Motorola High-Frequency Transistors 


mPs3063 


For Specifications, See MPS918 Data Sheet 


mPs3039 Veco = 6V 


lc = 80 mA 
ts = 20 nsec 


PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica- 
tions. 


CASE 29 


MAXIMUM RATINGS 


| Characteristic 


Collector- Base Voltage V Vdc 


Collector-Emitter Voltage 


Total Device Dissipation 
@ 25° Ambient Temperature 


Derate above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature 


Derate above 25°C 


SWITCHING TIME TEST CIRCUIT 


Yen” “6 V Vee i 


out 


V To sampling scope 


out 


To ts sc v Input Z 2100 K 
Yin Input Z 2100 x - Rise time < 1 nsec 

Rise Rin s1 ; PULSE SOURCE 

PULSE SOURCE Las Rise time < 1 nsec 

Rise time $1 nsec Pu 2 200 n 

Pw 2100 nsec z= 500 

Zz, = 509 in 

7 = Fall time < 1 sec 


Fall time <1 neec 


NOTES: (1) Collector Current © 50 mA; (2) Turn-On and Turn-Off Base Currents © 5 mA NOTES: (1) Collector Current © 10 aA; (2) Turn-On and Turn-Off Base Currents = 0.5 aA 
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MPS3639 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Characteristic 


Collector Cutoff Current I A 
Vane 9Vi Van 20 CES 01 
CE ? "EB : 
Vor=3V, Vip = Ty = +65°C 1 
Base Current 10 

Vcr= 3 V, Vep= 0 
Collector-Emitter Breakdown Voltage BV 
1, = 100 vA, Vi, = 0 Lee 
C * "BE 
Collector- Base Breakdown Voltage BV 
I.’= 100 pA, I= 0 cRe 
Cc 7 E 
Emitter- Base Breakdown Voltage BVEBO al 
I, = 100 uA, In =0 


< 


Collector-Emitter Sustaining Voltage 


I= 9, 1¢= 10 mA, P.W. = 300 psec 


De. = 1% 


CEO(sus) 


Collector-Emitter Saturation Voltage 
Ia= 10 mA, I5= 1mA 


= 5 mA, P.W. = 300 usec 


VcE(sat) 


=lmA 
Base-Emitter Saturation Voltage V 
- 10 mA, I,, = 0.5 mA BE(sat) 0.75 0.95 
= 10 mA, I, =1mA 0.8 1 
In = 50 mA, I, = 5 mA, P.W. = 300 psec, 
D.C. = 1% _ 1.5 
Forward Current Transfer Ratio bop 
Vae 2023 V5 Io = 10 mA, P.W. = 300 usec, 
120 
= 50 mA, P.W. = 300 usec, 
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Motorola High-Frequency Transistors 


MPS3639 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


ey -Signal Current Transfer Ratio 


Vor = 5:¥, I, = 10 mA, f= 100 mc 


Vop= 0 Ig= 10 mA, f = 100 me 


Output Capacitance 


In = 0, Von = 5V, f= 140 ke 


Input Capacitance 


Vepe 05 V; Io 


= = 0, f= 140 ke 


Delay Time 
Voc =6V, I 


Vosp* 1.9V 


c= 50 mA, I 


Rise Time 
Voc =6V,I 


Vop= 1.9V 


= 50 mA, I 


Cc 


Storage Time 


Voo= 6 V, Iq = 50 mA, I 


Cc 


Fall Time ; 
Voc* 6 V, IQ= 50 mA, 151 =I pe = 5 mA 


Turn-On Time 
Iq = 50 mA, I 


= 10 mA, I 


B17 2 ™A, Vor = 1.9 V 


Tp = 0: 5 mA 


C 


Turn-Off Time 


I, = 50 mA, Vo, = 1.9V, Ip, =Ipo= 5 mA 


OB Bl “B2 


Io = 10 mA, Ip) = Ip = 0.5 mA 
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Motorola High-Frequency Transistors 


mes3640 Vero = 12V 
t; = 20 nsec 


PNP silicon annular, plastic encapsulated transistor 
\ for low-cost, low-level, high-speed switching applica- 
\ \ tions. 


CASE 29 


MAXIMUM RATINGS 


Total Device Dissipation 
@ 25°C Ambient Temperature 


Derate above 25°C 


Total Device Dissipation 
@ 25° Case Temperature 


Derate above 25°C 


Operating Junction Temperature 
Storage Temperature Range 


Base Current 
Vor =O Vi¥V 


Collector-Emitter Breakdown Voltage 
Ta = 100 yA, Vor = 

Collector-Base Breakdown Voltage 
Ta = 100 pA, I, =0 


Emitter-Base Breakdown Voltage 


I, = 100 uA, I, =0 


Collector-Emitter Sustaining Voltage 12 
Ip = 9, 1, =10 mA, P.W. = 300 usec, YcEO(sus) 
Dec. 31% 
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Motorola High-Frequency Transistors 


MPS3640 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


7 oe 
Vv 
VBE (sat) 0.75 0.95 
0.8 1 
1.5 


Collector-Emitter Saturation Voltage 

I, = 10 mA, I,=lmA 

In = 50 mA, I, =5mA, P.W. = 300 usec, 
C. = 1% 


=10 mA, I, =1 mA, T 


= +65°C 


Cc A 


Base-Emitter Saturation Voltage 
= 10 mA, I, =0.5 mA 
= 10 mA, I,= l1mA 
I. = 50 mA, I, =5 mA, P.W. = 300 usec, 


C. = 1% 


Forward Current Transfer Ratio 


Vor = 0.3 V, In = 10mA, P.W. = 300 psec, 
C. = 1% 

Vor = 1.0 V, In = 50 mA, P.W. = 300 usec, 
C. =1% 


Small-Signal Current Transfer Ratio 
Vor = 5%, I, = 10 mA, f = 100 mc 


C 
V p=9% I, = 10 mA, f = 100 me 


Output Capacitiance 
I, =9, Vop=°V, f = 140 ke 


Input Capacitance 


Veep =%°V, I, =0, f = 140 kc 


Cc 


Delay Time 
Voc =6V, I 


Vos =1.9V 
Rise Time 
Voc =6V,I 


Vop=1-9V 


c = 00 mA, I 


c = 90 mA, I 


Storage Time 


Voc = &V; I, = 50 mA, Ini 7 tpg = 5 mA 


Fall Time 


Van =6 V, I 


cc = 50 mA, I,, =I 


Cc > “Bl ~ B2 


Turn-On Time 
Io = 50 mA, In =5 mA, Von = 1.9V 


Io = 10 mA, Th =0.5 mA 


Turn-Off Time 


= 50 mA, V,,=1.9V, I 


OB Bi >! 


B27 5 mA 


= 10 mA, In, =! =0.5 mA 


B2 
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Motorola Special and Multiple Transistors 


MOTOROLA 
SPECIAL AND MULTIPLE TRANSISTORS. 


DEVICES IN THIS SECTION 


2N2060 2N3800 
2N2060A 2N3801 
2N2223 2N3802 
2N2223A 2N3803 
2N2480 2N3804 


2N2480A 2N3805 
2N3409 2N3806 
2N3410 2N3807 
2N3411 . 2N3808 
2N3480 2N3809 


2N3481 . 2N3810 
2N3483 2N3811 
2N3484 
2N3796 
2N3747 


e For case outline dimensions, see page 1-26. 
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Motorola Special and Multiple Transistors 


SPECIAL AND MULTIPLE TRANSISTORS 


Included in this listing of special devices are unijunction and field effect 
transistors as wellas multiple devices consisting of two transistors in a single 
package. The multiple transistor section includes NPN-PNP complementary 
pairs and duals for differential amplifier, switching and low-level amplifier 
applications. 


UNIJUNCTION TRANSISTORS 


Unijunction transistors are three-terminal switching devices suitable for 
triggering, oscillator, pulse generation and bistable-circuit applications. 


2N3480 2N3481 2N3483 2N3484 


FIELD EFFECT TRANSISTORS 


The Motorola line of field effect transistors includes both tetrode silicon 
junction and insulated gate devices. 


2N3796 2N3797 MM2090 MM2091 MM2092 


MULTIPLE TRANSISTORS 


In the Motorola multiple transistor line are matched transistors designed 
for differential amplifier, complementary logic, switching and amplifier appli- 
cations. The transistor pairs for differential amplifiers are closely matched 
over a wide range of conditions. In addition, the use of multiple transistors 
may result in appreciable space-saving since many pairs are packaged in 
standard transistor case sizes. 


: , ee Complementary Duals for Duals for 


2N2060 2N3806 MD985 MD1131 
2N2060A 2N3807 MD986 
2N2223 2N3808 

2N2223A 2N3809 

2N2480 2N3810 

2N2480A 2N3811 

2N3409 MD1120 

2N3410 MD1121 

2N3411 MD1122 

2N3800 MD1123 

2N3801 MD1124 

2N3802 MD1125 

2N3803 MD1129 

2N3804 MD1130 

2N3805 MD1132 
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Motorola Special and Multiple Transistors 


2n2060, A Ps Veso = 40-60 V 
on2223, A oe 
2n2480, A 


NPN silicon annular Star dual-transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor- 
mity. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 
BOTTOM VIEW 


MAXIMUM RATINGS (each side) 


Collector- Base Voltaze 

2N2060. 2N2060A. 2N2223, 2N2223A 
2N2480 
2N2480A 


Collector-Emitter Voltage 
2N2060, 2N2060A. 2N2223. 2N2223A 
2N2480, 2N2480A 


Collector-Emitter Voltage (Rup $ 10Q) 


2N2060. 2N2060A. 2N2223, 2N2223A 


Emitter-Base Voltage 
2N2060, 2N2060A, 2N2223, 2N2223A 
2N2480, 2N2480A 


100 
15 
80 
60 
40 
Vv 

EBO 7 
5 


Total Device Dissipation @ Te = 25 C - : 3.0 
Derate above 25 C ; 17.2 


Total Device Dissipation @ Ty = 25 C 
Derate above 25 C 


Motorola Special and Multiple Transistors 


2N2060, A, 2N2223, A, 2N2480, A (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


‘(at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(I, = 100 pAdc, In = 0) 2N2060, 2N2060A, 2N2223, 
2N2223A 

2N2480 

2N2480A 


ie] 
< 


Coliector-Emitter Breakdown Voltage* BVoRo* Vdc 
(I, = 20 mAdc, I, = 0) 2N2480, 2N2480A 
(Ig = 30 mAdc, I = 0) 2N2060, 2N2060A, 2N2223, 


2N2223A 


 Vde 
CBO 100 
15 
80 


Collector-Emitter Breakdown Voltage* Vdc 


2 > 
raes 


(I, = 100 mA, Ry, $ 102) 2N2060, 2N2060A, 2N2223, CER 
2N2223A 
Emitter-Base Breakdown Voltage BVO Vdc 
1 = 100 pAdc, In = 0) 2N2060, 2N2060A, 2N2223, 
2N2223A 
2N2480, 2N2480A 
Collector Cutoff Current ‘ wpAdc 


(V., = 60 Vdc, I, = 0) 2N2480 
oF 7 2N2480A 
(Vop = 30 Vdc, I, - 8, T, - 150°C) 2N2480, 2N2480A 
(Von = 80 Vde, I, = 0) 2N2060, 2N2060A 
2N2223, 2N2223A 
(Voy = 80 Vde, I, = 0, T, = 150°C) 2N2060, 2N2060A 


2N2223, 2N2223A 


Emitter Cutoff Current 
(VER = 5 Vdc, To = 0) 2N2060, 2N2060A 
2N2223, 2N2223A 

2N2480 
2N2480A 


n. 


— 
a 
iss] 
1e) 


DC Current Gain her 

(I, = 10 pAdc, Vor = § Vdc) 2N2060, 2N2060A 
2N2223, 2N2223A 

(I, = 100 pAde, Vag = 5 Vdc) 2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 

(I, = 1 mAdc, Vor = 5 Vdc) 2N2060, 2N2060A 
2N2480 
2N2480A 

(I, = 10 mAdc, Vor = 5 Vdc)* 2N2060, 2N2060A 


2N2223, 2N2223A 


DC Current Gain Ratio** 
(I, = 100 pAdc, Vor = § Vdc) 2N2060, 2N2060A, 2N2223A 
2N2223, 2N2480, 2N2480A 
Vor = 5 Vdc) 2N2060, 2N2060A 
2N2480, 2N2480A 


(I, = 1 mAde, 


Base Voltage Differential Vv -V mVdc 
(I, = 100 pAdc, Vag = 5 Vde) 2N2060A BEI “BE2| 3 
2N2060, 2N2223A, 2N2480A 5 
2N2480 10 
2N2223 15 
(I, = 1 mAdc, Vor = § Vdc) 2N2060, 2N2060A, 2N2480A 5 
2N2480 10 
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Motorola Special and Multiple Transistors 


2N2060, A, 2N2223, A, 2N2480, A (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Collector-Emitter Saturation Voltage 
(I, = 50 mAdc, I, = § mAdc) 


Base-Emitter Saturation Voltage 
(I, = 50 mAdc, I, = § mAdc) 


Small-Signal Forward Current Transfer Ratio 


(I, = 50 mAdc, V E* 10 Vde, f = 20 mc) 


Cc 


Collector Output Capacitance 
Von = 10 Vde, f = 1 mc) 


‘Collector Input Capacitance 
(Veg = 0.5 Vde, F = 1 mc) 


Small-Signal Current Gain 
6 = 1 mAdc, Vor = 5 Vde, f = 1 ke) 


Input Impedance 


i, = 1 mAdc, V,. = 5 Vdc, 


CE 


(, = 1 mAdc, VV, = 5 Vdc, 


CE 


Output Admittance 
(I, = 1 mAdc, V 


Voltage Feedback Ratio, Common Base 


(I, = 1 mAdc, Vor = 5 Vdc, f = 1 kc) 


‘Noise Figure 
(1. = 0.3 mAdc, V 
(Ie = 0.3 mAde, Vo 
(Ic = 0.3 mAdc, V 


Base Voltage Differential Change 


1, = 100 pAdc, Vor A 


(I, = 100 wAdc, VQp = 5 Vde, Ty 


* Pulse Test: Pulse Width $ 300 usec, Duty Cycle $ 2% 


102, BW = 1 cps) 


Vv 
2N2060A CE(sat) 


2N2060, 2N2223, 2N2223A, 
2N2480A 
2N2480 


Vv 
2N2060, 2N2060A, 2N2223, BE(sat) 
2N2223A, 2N2480A 
2N2480 


2N2223, 2N2223A, 2N2480, 
2N2480A 
2N2060, 2N2060A 


Cob 
2N2060, 2N2060A, 2N2223, 
2N2223A 
2N2480A 
2N2480 
Nee 


2N2060, 2N2060A, 2N2223, 
2N2223A, 2N2480A 


2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480A 


2N2060, 2N2060A, 2N2223, 
2N2223A 

2N2480A 

2N2060, 2N2060A 

2N2480A 


2N2223, 2N2223A 
2N2060, 2N2060A, 2N2480A 


2N2223, 2N2223A 


2N2480, 2N2480A 


102, BW = 200 cps) 2N2060, 2N2060A 
kQ, BW = 15.7 kct) 2N2060. 2N2060A 


= 5 Vde, T, = -55 to +25°C) 


= 25 to 125°C) 


** The lowest h 


A(V 
2N2060A 
2N2060 
2N2223, 2N2223A 
2N2480, 2N2480A 
2N2060 
2N2060A 
2N2223, 2N2223A 
2N2480, 2N2480A 


BE1-" BE2) 


FE 


t Amplifier: 3 db points at 25 cps and 10 ke with a roll-off of 6 db per octave 
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reading is taken as Dery for this ratio 


ohms 


ryoreNos 
aAIanonockxA 


Vdc 
Vdc 
pf 
pf 
umMhos 
x1074 
db 


Motorola Special and Multiple Transistors 


2n3409 thru 2no41 I 


Vero = 30 V 
Ic = 500 mA 


NPN silicon annular Star dual-transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor- 
mity. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 


BOTTOM VIEW 
ABSOLUTE MAXIMUM RATINGS ue 


Characteristic mish | 
Collector-Base Voltage VcCBO 


Collector-Collector Voltage Veco 


Collector-Emitter Voltage 


(Limited by Pp) 
Fe at 


Total Device Dissipation 
(25°C Ambient Temperature) 600 mW, 
Derate above 25°C 3.4 mwW/~C 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(Ic = 10 pAdc) 


Coliector-Emitter Breakdown Voltage * 
(Ic = 10 mAdc) 


|Emitter-Base Breakdown Voltage 
(Ip* = 10 uw Adc) 
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Motorola Special and Multiple Transistors 


2N3409-2N3411 (continued) 


ELECTRICAL CHARACTERISTICS (each side) (continued) 


Characteristic 


Collector Cutoff Current 
(Voz 50 Vdc) 
(Vop = 50 Vde, Ta = 150°C) 


Emitter Cutoff Current 


Collector to Collector Current 
(Voc = 100 Vdc) 


Base-Emitter Saturation Voltage 
(Ig = 10 mAdc, Ig = 1 mAdc) 


(Ic = 10 wAde, Vor = 10 Vdc) 2N3410, 2N341] 
(Ic = 100 wAdc, Vor = 10 Vdc) All Types 
(Ic = 1 mAdc, Vor = 10 Vdc) All Types 
(Ic = 10 mAdc, Vor = 10 Vdc) All Types 


DC Current Gain Ratio ** 
2N3410, 2N3411_ 


(Ic 


Base Voltage Differential 
(Ig = 100 pAdc, Vor = 10 Vdc) 2N3409, 2N3410 
2N3411 


(Ic = 1 mAdec, Vag = 10 Vdc) 2N3411 


Vpe1- pre | 


“(VpE1-VBE2) 
Collector Output Capacitance 


Base Voltage Differential Change 
(Ig = 100 p Adc, Vcr = 10 Vdc, Ta = 2N3409 
2N3410, 2N3411 
-55 to +25°C) EVE 


(Ic = 100 pAdc, Vop = 10 Vde, T 2N3409 
25 to 125°C) 2N3410, 2N3411 


A 


C 
b 
Collector Input Capacitance Cib 
(Vip = 0.5 Vdc, f = 1 mc) 
Small-Signal Forward Current Transfer Ratio hee 
(Ic = 20 mAdc, Vop = 20 Vdc, f = 100 mc) 


Noise Figure 
(Ic = 100 yA, Voge = 5V,f = 1 kc, BW= 1 cps, Re = 1K) 


*Pulse Test: Pulse Width = 300 usec, Duty Cycle = 2% 


**The lowest hy reading is taken as heel for this ratio 


E 
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Motorola Special and Multiple Transistors 


2N3480,2n3481,2N3483 2n3484 eler Ayre 


Silicon annular unijunction transistors for SCR trig- 
gering, oscillators, timing circuits, pulse generators, 
bistable circuits and sensing circuits. 


CASE 34 
(TO-5) 


MAXIMUM RATINGS (Ta = 25°C) 


Characteristic 


RMS Power Dissipation* 


RMS Emitter Current 

Peak Emitter Current 

Emitter Reverse Voltage 30 
Interbase Voltage 35 
Operating Junction Temp. Range -65 to 125 


Storage Temperature Range -65 to.150 


*Derate 4 mW/‘C ambient temperature increase 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


rs ee 
roam | ion [at | tien | men | Tet | amon [oe 
ui . 56 . : , 


Repo 


VE SAT) 


1 52(MOD) 
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—— Motorola Special and Multiple Transistors —— 


2N3480, 2N3481, 2N3483, 2N3484 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


romain [Te on 
n . 60 


Repo 


VE(SAT) 


1 32(MOD) 


TO 


Definitions and Conditions 
Symbol 
n (Eta) Intrinsic Standoff Ratio (Ver = 10V, Mi = NVeptVs [E-B,]) 
Repo Interbase Resistance (Veg = oy, Tn = 0) 
Vie(SAT)’ Emitter Saturation Voltage (Ven = 10V, I = 50ma) 
1 32(MOD) Modulated Interbase Current (Veg = 10V, I, = 50ma) 
leo Emitter Reverse Current (Vior = 30V, il = 0) 
I Peak Point Emitter Current (Ven = 25V) 
I, Valley Point Current (Vep = 20V, Ryo = 100Q) 
VoB1 Base 1 Peak Pulse Voltage (See Fig. 3) 
toB1 Base 1 Peak Pulse Voltage Rise Time (10%-90% points) 

SYMBOL AND NOMENCLATURE EMITTER CHARACTERISTICS Vos: TEST CIRCUIT 
VE 
Ty NEGATIVE 
—CUTOFF RESISTANCE le SATURATION—-~~- 
REGION REGION REGION 


V—~PEAK POINT 


| 
| 
I 
t 
| EMITTER TO BASE- 
! 
prea 
| 
1 
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——— Motorola Special and Multiple Transistors ——— 


2N3/96 2n3/797 Vos = 20-25 V 


Ib = 20 mA 
N-channel insulated gate silicon field effect transis- 
CASE 22 tors for low power applications in the audio frequency 
toe) range. 


ABSOLUTE MAXIMUM RATINGS. (At 25° ambient temperature unless otherwise noted) 


Characteristic 


Drain-Source Voltage 
2N3796 
2N3797 


ee 


Power Dissipation at Ta = 25°C 
Derating Factor above 25°C 
Operating Junction Temperature 

Storage Temperature 


2N3796 
2N3797 


Zero-Gate-Voltage Drain Current 
(Vong =10V, Ves = 0) 2N3796 


2N3797 


Gate-Source Voltage Cutoff 
(Ih 0.5 pA, Vos = 10 V) 2N3796 


(I, 2.0 HA, Vpg = 10 V) 2N3797 


"On'' Drain Current 
(Ving = 10 V, Veg = +3. 5V) 2N3796 


2N3797 


Drain-Gate Reverse Current 
(Ving = 10 V, Ig = 0) 


Gate-Reverse Current 
(Vag = -10 V, Vos = 0) 


-10V, V,.=0, T, = 150°C) 


(Vig = 


DS A 


Small-Signal, Common-Source Forward Transfer 
Admittance 
(Vig =10V, Vgeg=9, f=1 ke) 2N3796 


2N3797 
=0, f=1.0 mo 2N3796 
2N3797 


(Vng=10V, Ves 
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Motorola Special and Multiple Transistors 


2N3796, 2N3797 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


ee 


Small-Signal, Common-Source, Output 
Admittance 
=10V, Veg-9, f=1 ke) 2N3796 


2N3797 


Small-Signal, Common-Source, Input 
Capacitance 
(Vos =10V, Ves = 0, f = 1 ke) 2N3796 


2N3797 


Small-Signal, Common-Source, Reverse 
Transfer Capacitance 

(Ving =10V, Vas= 0, f = 1 ke) 

Noise Figure 

(Ving =10V, Ves= 0, f=1 kc, 


R, = 3 megohms) 


Ves, GATE SOURCE VOLTAGE (VOLTS) 


OE (is A a 
5 LL vos= y Le ner DP I Sere 
(ahi eae ae See 
; 0 = 
es Eee), 
A a = 
(2 eee eee 2cee ee 
pec EZ ae 
eee Sei dee ee 
+ SaaS Sees 
ee eee a ee 
gM resis te MPO Lue taie IE iillelfe 
01 0.1 1.0 10 20 
i r Ip, DRAIN CURRENT (mA) Ip, DRAIN CURRENT (mA) 
as AMPLIFICATION FACTOR versus DRAIN CURRENT NOISE FIGURE versus SOURCE RESISTANCE 


A tp 


| | 
rill 
ez —— 


i el a 
fa 
pa 


NF, NOISE FIGURE (db) 


jt, AMPLIFICATION FACTOR 


0.1 03 0507 1 3 5 7 10 20 30 
Ip, DRAIN CURRENT (mA) R,, SOURCE RESISTANCE (megohms) 


Motorola Special and Multiple Transistors 


2N3800 thru 2N38 1 | Veeo = 60 V 


| lc = 50mA 


PNP silicon annular dual-transistors for low-level, 
low-noise differential amplifier applications. 


ASE 35 CASE 32 


(TO-18) (TO-5) 
2N3800 2N3806 
thru thru 
2N3805 2N3811 


MAXIMUM RATINGS (at 25°C ambient temperature unless otherwise noted) 


Vdc 


Emitter-Base Voltage VERO Vde 
DC Collector Current mAdc 


Junction Temperature T +206 


-65 to +200 °C 


Total Device Dissipation @ T, = 25°C : 
TO-5 Case 500 600 
Derate above 25°C 2.9 3.4 mW/'C 
TO-18 Case 250 360 
Derate above 25°C 1.5 2. 06 mW/‘C 


NOISE FIGURE VERSUS FREQUENCY AND SOURCE RESISTANCE 


: | \ 


3 
= 


2N3800,02,04,06,08,10 2N3801 ,03,05,07,09,11 


14 
NF versus Rg 


NF versus Rg 


NF versus f 


NF, Noise Figure (db) 
NF, Noise Figure (db) 


—— 2 


es 


ae 0 


0.1 0203 050710 2 3 5 7 10 20 30 50 70100 01 02 03 050.710 23 5 7 10 20 30 5070 100 
f, FREQUENCY (kc ) and R,, SOURCE RESISTANCE (kohms) f, FREQUENCY (kc) and Rg, SOURCE RESISTANCE (kohms) 


d 
: 
l 
aig 


2N3800 thru 2N3811 (continued) 


Motorola Special and Multiple Transistors 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) | 


Collector-Base Breakdown Voltage 
Ml, = 10 pAdc, I = 0) 


Collector-Emitter Breakdown Voltage 
i, = 10 mAdc, Int 0) 


Emitter-Base Breakdown Voltage 
(i, = 10 pAdc, I, = 0) 


Collector Cutoff Current 

(Voz = 50 Vdc, I, = 0) 

(V 3 = 50 Vdc, = =0, T, = 150°C) 
Emitter Cutoff Current 

(Von = 4 Vdc, I, = 0) 
Collector-Emitter Saturation Voltage* 

I, = 100 pAdc, I, = 10 pAdc) 

(I, = 1 mAdc, IB = 100 p Adc) 
Base-Emitter Saturation Voltage* 

(I, = 100 pAdc, I, = 10 pAdc) 

(ig = 1 mAdc, I, = 100 pAdc) 


DC Forward Current Transfer Ratio* 


(I, = 1pAde, VQ, = 5 Vdc) 
(Ig = 10 pAdc, Vag = 5 Vdc) 
(I, = 100 pAdc, Vg = 5 Vdc) 


R 
Q 
1 


= 100 pAdc, V,,, = 5 Vde, T, = -55°C) 


CE A’ 


(I, = 500 pAde, = 5 Vdc) 


VoE 
, = 1 mAdc, Vor = 5 Vdc) 


1, = 10 mAdc, = 5 Vdc) 


Vor 
Base Emitter "ON" Voltage 
, = 100 pAdc, Vor =5V) 


Output Capacitance 
(Vop = 5 Vdc, I, = 0, f = 100 kc) 


Input Capacitance 
(Von = 0,5 Vde, In = 0, f = 100 kc) 


Small Signal Current Gain 
(I, = 500 yA, Vo 5 V, f = 30 mc) 


(i, =1mA, V = 5 V, f = 100 mc) 


CE 
(I, =1mA, Vox 10 V, £ = 1 kc) 
Voltage Feedback Ratio 


(I, =1.0mA, Vor 10 V, f = 1 kc) 


Input Impedance 


(I, = 1.0 mA, v =10V, f = 1 ke) 


CE 
Output Admittance 
(I, = 1.0 mA, Vor = 10V, f = 1 ke) 


Noise Figure 
(I, = 100 pA, V 


f = 100 cps 


CE = 10V, R, = 3 K) 


f=1ke 
f=10kc 


Noise Bandwidth 10 cps to 15.7 kc 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio** 
(I, = 100 pAdc, 


Vor = 5 Vdc) 


Base Voltage Differential 


(I, = 10 nA, to 10 mA, VQ, = 5 Vdc) 


cE 
MI, = 100 pAdc, Vor = 5 Vdc) 


Base Voltage Differential Change 
Qi, = 100 pAdc, Vor = 5 Vde, T 


(I, = 100 wAde, V 


A 


CE” 5 Vdc, Ty = 25 to 125°C) 


* Pulse Test £ 300usec, duty cycle < 2% Vop - Base-Emitter Reverse Bias 


** The lowest h reading is taken as h 


FE FE 


= -55 to +25°C) 


as 


™~ 


2N3801, 


2N3800, 
2N3801, 
2N3800, 
2N3801, 
2N3800, 
2N3801, 
2N3800, 
2N3801, 
2N3800, 
2N3801, 
2N3800, 
2N3801 


2N3800, 
2N3801, 


2N3800, 
2N3801, 


2N3800, 
2N3801, 
2N3800, 
2N3801, 
2N3800, 
2N3801, 
2N3800, 
2N3801, 


03, 


02, 
03, 
02, 
03, 
02, 
03, 
02, 
03, 
02, 
03, 
02, 
03 


02, 
03, 


02, 
03, 


02, 
03, 
02, 
03, 
02, 
03, 
02, 


2N3802, 
2N3804, 


2N3802, 
2N3804, 
2N3802, 
2N3804, 


2N3802, 


2N3804, 
2N3802, 
2N3804, 


1 for this ratio 


04, 
05, 


04, 
05, 


07, 


06, 
07, 
06, 
07, 
06, 
07, 
06, 
07, 
06, 
07, 
06, 
07 


06, 
07, 


06, 
07, 
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09, 


08, 
09, 
08, 
09, 
08, 
09, 
08, 
09, 
08, 
09, 
08, 
09 


08, 
09, 


08, 
09, 


Characteristic 


10 
11 


10 
11 
10 
11 
10 
11 
10 


Symbol 


Vor(sat)” 


Ver (sat)” 


Dee Mte9** 


| Yee1-YpEe! 


4(V 551° VBE2) 


Minimum Typical Maximum 


PST ey 


"~~ Unit 


Ano oOOdn 
oe 8 e 6 
Aaunea nw & J 


— Motorola Special and Multiple Transistors ——— 


Vero = 30 V 
Ic = 200 mA 


NPN silicon annular Star dual-transistors for high- 
speed switching and DC to UHF amplifier applications. 


MD981 MD981F 


CASE 32 §=CASE 33 
(TO-5) MD981F 


ABSOLUTE MAXIMUM RATINGS (each side) 


Characteristic 
Collector-Base Voltage 


Collector-Emitter Voltage 
MD981 


Emitter-Base Voltage 


Collector Current 
(Limited by Py) 


Storage Temperature -65 to +200 


Flat Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


TO-5 Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 
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Motorola Special and Multiple Transistors 
MD981 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(At 25° ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage BV 
(I = 10 pAdc, In = 0) 


Collector-Emitter Breakdown Voltage* 
(I, = 10 mAdc. I, = 0) 


Emitter-Base Breakdown Voltage 
(I, = 10 pAdc, To = 0) 


Collector Cutoff Current 
= 50 Vdc, In = 0) 


= 50 Vde, I, = 0, T, = 150°C) 


Collector-Emitter Saturation Voltage 
(I, = 150 mAdc, I, = 15 mAdc) 


ee 

DC Forward Current Transfer Ratio hep 
(I, = 0.1 mAdc, Vor = 10 Vdc) 
(I, = 1 mAdc, Vor = 10 Vdc) 
(I, = 10 mAdc, Vor = 10 Vdc) 

= 150 mAdc, Vor = 10 Vdc)* 


Vor (sat) 


(I, 


Output Capacitance 
(Von = 10 Vdc, I, = 0, f = 100 kc) 


Small-Signal Forward Current Transfer Ratio 
I, = 20 mAdc, Vor = 20 Vde, f = 100 mc) TO-5 


Package 
I, = 20 mAdc, 


Package 


Vor = 10 Vdc, f = 100 mc) Flat 


Current-Gain- Bandwidth Product 
(Vor = 20 Vdc, In = 20 mAdc) TO-5 Package 


(Vor = 10 Vdc, Iq = 20 mAdc) Flat Package 
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Motorola Special and Multiple Transistors 


Veco = 50V 
Ic = 200 mA 


PNP silicon annular Star dual-transistors for high- 
speed switching and DC to UHF amplifier applications. 


MD981 MD982 


MD982 MD982F 
CASE 32 CASE 33 
(TO-5) 


CASE 33 


(NPN) (PNP) 


PIN CONNECTIONS 
BOTTOM VIEW 


MD981F MD982F 
1 1 
9 2 9 2 
7 4 7 4 
5 s) 


ABSOLUTE MAXIMUM RATINGS (each side) 


Chater 


Collector-Emitter Voltage 


MD982 


Collector Current 
(Limited by Pp) 


—=——ee— Temperature -65 to +200 
BOTH SIDES 


Tani Package 
Total Device Dissipation 
(25°C Ambient Temperature) 
Derate above 25°C 
TO-5 Package 

Total poevice Dissipation 


(25°C Ambient Temperature) 
Derate above 25 C 


Motorola Special and Multiple Transistors 
MD982 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Collector-Base Breakdown Voltage BVcRO Vde 
(Io = -10 pAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage* BVcRo* Vde 
(Ic = -10 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage BVERO Vde 
(Ip = -10 wAdc, Ic = 0) 


Collector Cutoff Current 
(Vop = -50 Vdc, Ip = 0) “ 
(VcB =-90 Vde, Ip = 0, Ta = 150°C) 


Collector-Emitter Saturation Voltage 
(Iq = -150 mAdc, Ip = -15 mAdc) 


Base-Emitter Saturation Voltage 
(Ic =-150 mAdc, Ip = -15 mAdc) 


DC Forward Current Transfer Ratio 
(Ic =-0.1 mAdc, VCR = -10 Vdc) 
(I¢ = -1 mAdc, Vor = -10 Vdc) 

(I, = -10 mAdc. Vcr = -10 Vdc) 

(Ic =-150 mAdc, Vcr= 710 Vdc)* 


Output Capacitance 
(VcB =-10 Vdc, Ip = 0,f = 100 kc) 


Current-Gain-Bandwidth Product 
(Vor = -20 Vde, I, = -20 mAdc) TO-5 Package | 


(Vag = -10 Vdc, In = -20 mAdc) Flat Package 


*Pulse Test: Pulse Width = 300 usec, Duty Cycle = 2% 


Motorola Special and Multiple Transistors ——— 


Vero =20V 
Ic = 200 mA 


PNP silicon annular dual-transistors for high-speed 
switching and amplifier applications. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 
(BOTTOM VIEW) 


ABSOLUTE MAXIMUM RATINGS (each side) 


-65 to +200 


1.6 3.0 
9.1 17.2 : 


| Sent 
a re 


Total Device Dissipation 


(25°C Case Temperature) 
Derate above 25°C 


Total Device Dissipation 


(25°C Ambient Temperature) 
Derate above 25°C 


—— Motorola Special and Multiple Transistors 
MD984 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Collector-Base Breakdown Voltage 
, = -10 wAdc, I, = 0) 


Collector-Emitter Breakdown Voltage* 
I, = -10 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
(I, = -10 pAdc, Io = 0) 


Collector Cutoff Current 
(Van = -20 Vdc, Ip = 0) 


(Voz = -20 Vdc, Ip = 0, TA = 150°C) 


Collector-Emitter Saturation Voltage VcK(sat) 
(I, = -10 mAdc, I, = -1 mAdc) 
(I, = -50 mAdc, I, = -5 mAdc) 

Base-Emitter Saturation Voltage 
(I, = -10 mAdc, I, = -1 mAdc) “BE(sat) 


DC Forward Current Transfer Ratio 


(I, = -10 mAdc, Vqp = -10 Vdc) 


CE 


Output Capacitance 
(Voz = -10 Vdc, I, = 0, f = 100 kc) 


Small-Signal Forward Current Transfer Ratio 


i, = -20 mAdc, Vor = -20 Vdc, f = 100 mc) 


Current-Gain— Bandwidth Product 
I, = -20 mAdc, Vor = -20 Vdc) 


* Pulse Test: Pulse Width <300 usec, Duty Cycle s 2% 


9-20 


Motorola Special and Multiple Transistors 


V cEO = 30V 
Ic = 500 mA 


NPN-PNP silicon annular Star complementary pair 
dual-transistors for high-speed switching circuits and 
DC to UHF amplifier applications. 


CASE 32 CASE 33 


(TO-5) 
MD985 MDS85F 
NPN 
1 
9 2 
7 4 
5 
PNP 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


Operating Junction Temperature 


Storage Temperature -65 to +200 
Both Sides 


Total Device Dissipation @ T, 225° C 
Flat Package 250 350 
Derating Factor 1.5 2.0 


TO-5 Package 500 600 
Derating Factor 2.9 3.4 
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——— Motorola Special and Multiple Transistors ——— 


MD985 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
I, = 10 pAdc, I, = 0) 


Collector-Emitter Breakdown Voltage** 
(a = 10 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 


(I, = 10 wAde, I, = 0) 


Collector Cutoff Current 
(Vop = 50 Vdc, I, = 0) 


(V... = 50 Vdc, I, =0, T, = 150°C) 


CB E A 


Collector-Emitter Saturation Voltage** Vor (sat) 
(I, = 150 mAdc, I, = 15 mAdc) 


DC Forward Current Transfer Ratio 
(I, = 0.1 mAdc, V 


1, = 1 mAdc, V 
(I, = 10 mAdc, V 
I = 150 mAdc, V 


Base-Emitter Saturation Voltage** V ek 
(I, = 150 mAdc, I, = 15 mAdc) BE(sat) 
neg 


CE* 10 Vdc) 

= 10 Vdc) 

= 10 Vdc) 

= 10 Vdc)** 


CE 
CE 
CE 


Output Capacitance 
(Voz = 10 Vdc, I, = 0, f = 100 kc) 


Current-Gain — Bandwidth Product 
(Vor = 20 Vdc, In = 50 mAdc) TO-5 Package 


Vor = 10 Vdc, I, = 20 mAdc) Flat Package 


** Pulse Test: Pulse Width ¢ 300 psec. Duty Cycle s 2% 
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Motorola Special and Multiple Transistors 


Vero = 15 V 
mpv986 rae 


NPN-PNP silicon annular Star complementary pair 
dual-transistors for high-speed switching circuits and 
DC to UHF amplifier applications. 


CASE 32 CASE 33 


o>) MD986F 
MD986 


NPN 


PNP 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


Total Device Dissipation @ T, = 25°C | 
Flat Package 350 
Derate above 250C 2.0 


TO-5 Package | 600 
Derate above 25°C 3.4 


Motorola Special and Multiple Transistors 
MD986 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Collector-Base Breakdown Voltage 
(In = 10 uAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
(Io = 10 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ip = 10 Adc, Io = 0) 


Collector Cutoff Current 
(Vcp = 20 Vde, Ip = 0) 


(Vop = 20 Vde, Ip = 0, Ta = 150°C) 


Collector-Emitter Saturation Voltage 
(Ig = 10 mAdc, I, = 1 mAdc) 


VcE(sat) mee 
(Ig = 50 mAdc, I, = 5 mAdc) 
Base-Emitter Saturation Voltage VBE(sat Vdc 
(Ic = 10 mAdc, Ip = 1 mAdc) 
DC Forward Current Transfer Ratio hp 
(Ig = 10 mAdc, Vop = 10 Vdc) 
Output Capacitance | Cob 
(VoR = 10 Vdc, I; = 0,f= 100 ke) 
Current-Gain — Bandwidth Product f+ 
(Vo E= 20 Vdc, Ic = 20 mAdc) TO-5 Package 200 
(Vo E = 10 Vdc, I, = 20 mAdc) Flat Package 200 


*Pulse Test: Pulse Width = 300 psec, Duty Cycle S 2% © : | 
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: Motorola Special and Multiple Transistors 


Vceo =35V 
Ic = 600 mA 


PNP silicon annular dual-transistors for medium- 
speed switching applications. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 
(BOTTOM VIEW) 


ABSOLUTE MAXIMUM RATINGS (each side) 


Collector-Base Voltage 
Collector-Emitter Voltage 


Collector-Emitter Voltage 


(Rep 3102) 


Emitter-Base Voltage 
Collector Current 


Operating Junction Temperature 
Storage Temperature | 


Total Device Dissipation 
(25°C Case Temperature) 
Derate above 25°C 


Total Device Dissipation 
(25°C Ambient Temperature 
Derate above 25°C 
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Motorola Special and Multiple Transistors 


MD990 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
= -100yuAdc, Ip = 0) 


(I, 
Collector-Emitter Breakdown Voltage * 
(I, = -10 mAdc, I, = 0) : 


Collector-Emitter Breakdown Voltage * 
= = = = 
(I, 30 mAdc, Ib 0, Rug 102) 


Emitter-Base Breakdown Voltage 
(i, = -100 uAdc, In = 0) 


Collector Cutoff Current 
=-30 Vdc, I, = Q) 
=-30 Vdc, I, = 0, Ty = 150°C) 


Collector-Emitter Saturation Voltage 
(I, = -150 mAdc, Ib = -15 mAdc) 


Base-Emitter Saturation Voltage 
(I, = -150 mAdc, I, = -15 mAdc) 


DC Forward Current Transfer Ratio * 
(I, = -150 mAdc, Va, = -10 Vdc) 


Output Capacitance 


(Von = -10 Vdc, I, = 0, f = 100 kc) 


E 


Current-Gain— Bandwidth Product 
=-10 Vdc, Io = -50 mAdc, f = 20 mc) 


*Pulse Test: Pulse Width = 300 usec, Duty Cycle = 2% 
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Motorola Special and Multiple Transistors 


-mp1120 his a 
mo1121 
mo 1122 


NPN silicon annular Star dual-transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor- 


mity. 
1 
9 2 
7 4 
5 


PIN CONNECTIONS 
BOTTOM VIEW 


CASE 32 CASE 33 


(TO-5) 

MD1120 MD1120F 
thru ru 
MD1122 MD1122F 


MAXIMUM RATINGS (each side) 


Characteristic 


D.C. Collector Current 


Junction Temperature 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


MD1120-MD1 122 (continued) 


ELECTRICAL CHARACTERISTICS each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristics | Symbol 


Collector-Base Breakdown Voltage BVcBO 


Collector-Emitter Breakdown Voltage” BVcEO’ 
(Iq = 10 mAdc) 


Emitter-Base Breakdown Voltage BVEBO 
(Ig = 10 w Adc) 


Collector Cutoff Current 
(VcBp = 50 Vdc) 
(Vop = 50 Vdc, Ty = 150°C) 


Emitter Cutoff Current 
(Veep = 3 Vdc) 


Collector-Emitter Saturation Voltage VCE (sat) 
(I¢ = 10 mAdc, Ip = 1 mAdc) 


Base-Emitter Saturation Voltage VEE (sat) 
(I¢ = 10 mAdc, Ip = 1 mAdc) 


a’ 
w 
eo) 


ooo Ob w 0% 
to %© & ooo°o 


DC Forward Current Transfer Ratio hep 
(Ig = 10 wAdc, Vox = 10 Vdc) MD1121, MD1122T 
(Ic = 100 nAdc, Vox = 10 Vdc) All Types 
(Ic = lmAdc, Vop =10 Vdc) All Types 


(Ig = 10mAde, Vog = 10 Vde) All Types 


DC Current Gain Ratio ** 
(Ig = 100 #Adc, Vog = 10 Vdc) MD1120T 
MD1121, MD1122T 
(Ic = lmAdc, Vcg =10 Vdc) MD1122T 


bpg)/bpEe** 


Base Voltage Differential 
(Ic = 100 pAdc, Vaz = 10 Vde) MD1120, MD1121T 
MD1122T 
(Ig = 1mAdc, Vcr = 10 Vdc) MD1122T 


| Vpe1-VBEz2 | 


Base Voltage Differential Change 
(Ic = 100 Adc, V =10 Vdc, 
Ta ~55°C to + 125°C) MD1121, MD11227 


Collector Output Capacitance 
(Vep = 10 Vdc, f = 100 ke) 


Small-Signal Forward Current Transfer Ratio 
(Ic = 20 mAdc, Vox = 20 Vdc, f= 100 mc) TO-5 Package 
(Ig = 20 mAdc, Vor =10 Vdc, f= 100 mc) Flat Package 


Current-Gain-Bandwidth Product 
(Vox = 20 Vde, Iq = 20 mAdc) TO-5 Package 
Vor = 10 Vdc, I, = 20 mAdc) Flat Package 


4 (Vpe1-Vpre) 


Q 
ay °) 
Ea 


* Pulse Test: Pulse Width “= 300 psec. Duty Cycle=s 2% 
** The lowest reading is taken as for this ratio 
+ Applies to corresponding Fiat Package Mevice type also 
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Motorola Special and Multiple Transistors 


100 


ont need ed Nw = 
oot oon 
ooo OBa0 


Motorola Special and Multiple Transistors 


mo1123 Vox poheded 
mpv1124 


mo1125 


\\ PNP silicon annular dual-transistors for differential 
\\* amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 


1 
CASE 32 CASE 33 : , 
(TO-5) 
MD1123 MD1123F 
thru thru 7 3 
M01125 MD1125F 4 


PIN CONNECTIONS 
(BOTTOM VIEW) 


ABSOLUTE MAXIMUM RATINGS (each side) 


D.C. Collector Current 


Storage Temperature T stg -65 to + 200 e: 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


Motorola Special and Multiple Transistors 
MD1123-MD1125 (continued) 


ELECTRICAL CHARACTERISTICS each side) 


(At 25° ambient temperature unless otherwise noted) 


Collector-Base Breakdown Voltage BVcRO Vdc 
(Ic = -10 Adc) 

Collector-Emitter Breakdown Voltage* BVcEo* Vde 
(Ic = -10 mAdc) 

Emitter-Base Breakdown Voltage BVERO 
(Ig = -10 pAdc) 

Collector Cutoff Current Iopo pe Ade 


(Vep = -50 Vdc) 
(Vop = -50 Vde, Ty = 150°C) 


Emitter Cutoff Current 
(Veep = <3 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = -10 mAdc, Ip = -1 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = -10 mAdc, Ip = -1 mAdc) 


DC Forward Current Transfer Ratio 
-10 Adc, Vcr = -10 Vdc) 
-100 # Adc, Veg = -10 Vdc) 
-1 mAdc, Vcog= -10 Vdc) 


=-10 mAdc, Veg = -10 Vdc) 


DC Current Gain Ratio ** 
(Ic = -100 wAdc, Veg = -10 Vdc) 


(I¢ = -1 mAdc, VcE = -10 Vdc) 
Base Voltage Differential 
(Io = -100 4 Adc, Vor = -10 Vde) 


-1 mAdc, VcE = -10 Vdc) 


Base Voltage Differential Change 
(Ic = -100 Adc, Vog = -10 Vdc. 
= -55°C to + 1259C) 


Collector Output Capacitance 
(VcB = -10 Vde, { = 100 ke) 


(Ig 


Current-Gain-Bandwidth Product 
(Vcr = -20 Vdc, Io 


-MD1123, MD1124T 


Smali-Signal Forward Current Transfer Ratio 
= -20 mAdc, Vop = -20 Vdc, f = 100 mc) TO-5 
(I, = -20 mAdc, Vop = -10 Vde, f = 100mc) Flat 


= -20 mAdc) TO-5 
(Vag = -10 Vde, IG = -20 mAdc) Flat 


nAdc 


rr 


Vo E (sat) Vdc 


< 
2 
° 


VBE (sat) 


Oo & 
_ ee feb pe fel 
52 
XS 
i 
Q 
Q 


h 
FE 
MD1124, MD1125T 


All Types 
All Types 
All Types 


bpe)/hpr** 
MD1123t 


MD1124, MD1125T 
MD1125T 


Vpr1-VBE2 mVdc 


MD1125T 
MD1125T 


_ oan 
oanoe D200 


MD1124, MD1125T 


> 

a 

w 

my 

rs 
SoS 
wow ew 


Q 
je} 
fox 
S 
i 


cE 


fo) 


*Pulse Test: Pulse Width =< 300 psec, Duty Cycle = 2% 


**The lowest hpp reading is taken as hp 


for this ratio 


T Applies to corresponding Flat Package device type also 


Motorola Special and Multiple Transistors 


mo1126 es ek 
mo 1127 


NPN silicon annular dual-transistors for high-speed 
Switching applications. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 
(BOTTOM VIEW) 


ABSOLUTE MAXIMUM RATINGS (each side) 


Characteristics 


Storage Temperature -65 to +200 
BOTH SIDES 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 
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Motorola Special and Multiple Transistors 
MD1126, MD1127 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(At 25° ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(Ic = 1.0 wAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
(Io = 30 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Im = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 20 Vdc, Ip = Q) 
(Vcp = 20 Vdc, Ip = 0, Ta = 150°C) 


Collector-Emitter Saturation Voltage Vor ( (sat) 
(Ic = 10 mAdc, Ip = 1 mAdc) MD1126 0. 40 
MD1127 0.25 


Base-Emitter Saturation Voltage Vee Vdc. 
(Ic = 10 mAdc, Ip = mAdc) 


DC Forward Current Transfer Ratio* 
(Ic = 10 mAdc, Vor = 1 Vdc) 


Output Capacitance 
(Vcp = 10 Vdc, Ip = 0,f = 100 kc) 


Small-Signal Forward Current Transfer Ratio 
(Ic = 20 mAdc, Vcr = 10 Vde, f = 100 mc) 


Charge-Storage Time Constant 
(Ic = Ip, = Ipg ==10 mAdc) MD 1126 
(Ic = Ip, = IB2 = 20 mAdc) MD1127 


*Pulse Test: Pulse Width <£ 300 psec, Duty Cycle < 2% 


CHARGE STORAGE TIME CONSTANT TEST CIRCUIT CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 
MD1126 MD1127 
+10 Vde + 5V 
ov 
—9Vv 
INPUT PULSE 
ee RISE TIME =| nsec a 
NEO Vour 500 SOURCE IMPEDANCE 01 4K 


oF 215 OUTPUT TO SAMPLING 
O OSCILLOSCOPE 
RISE TIME << I nsec 
50Q INPUT IMPEDANCE 
206 PULSE WIDTH == 200 nsec 
Viv — 10V 
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Motorola Special and Multiple Transistors 
Veto = 15V 
mol 128 Ic = 200 mA 


NPN silicon annular dual-transistors for high-speed 
switching applications. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


caret 


Collector-Emitter Voltage 15 
Emitter-Base Voltage 
Peonise seamen] ss [| 


ONE SIDE BOTH SIDES 
0.75 1.5 WwW. 2 
4.3 8.6 mW/~C 
0.30 W 
1.7 
CHARGE STORAGE TIME CONSTANT TEST CIRCUIT TURN-ON AND TURN-OFF TIME TEST CIRCUIT 
+ 3 Vde 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


+ 10 Vde 


160 280 


1K 0.1 uf 
(0 v,., 15K 9.1uf 
t—O Vour 


500 


Vin ~ 10V ae 
= Vee tor Ven = + 16 Vde 
+11V tons Vas = — 4 Vdc Via =—19 Vde 
ov 
ov __J_¢ Lt 
Vin == + 21 Vde 
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Motorola Special and Multiple Transistors 
MD1128 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristic symbot {Min | Max | 
Collector-Base Breakdown Voltage BVcRO 
(Ic = 10 uAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage” BVcro 
(Ic = 10 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage BVERO Vdc 
(Ip = 10 wAdc, Ic = 0), . 5 
Collector Cutoff Current lors p Adc 
(Vor = 20 Vdc, VBE = 0) 
Collector Cutoff Current les 4 Adc 
(VcB = 20 Vdc, Ig = 0) 
(VcB = 20 Vdc, Ig = 0, Ta = +150°C) 
“ “ te 
DC Forward Current Transfer Ratio 
(Ic = 10 mAdc, VcR = 1 Vdc) 


Output Capacitance Cob 
(VcBp = 10 Vdc, Ip = 0, f= 100 kc) 


Small-Signal Forward Current Transfer Ratio 
(Ic = 10 mAdc, VCE = 20 Vdc, f = 100 mc) 


2. Q. 
or) ro) 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ig = 1 mAdc) 
(Ic = 50 mAdc, Ip = 5 mAdc) 


Base-Emitter Saturation Voltage © 
(Ic = 10 mAdc, Ip = 1 mAdc) 


Current-Gain-Bandwidth Product 
(VcE = 20 Vdc, Ic = 10 mAdc) 


Charge-Storage Time Constant 


Turn-On Time 
(Ic = 10 mAdc, Ip; = 3 mAdc, Ipg =1 mAdc) 


Turn-Off Time 
(Ic = 10 mAdc, Ip, = 3 mAdc, Ip2 = 1 mAdc) 


*Pulse Test: Pulse Width £300 usec, Duty Cycle = 2% 
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Motorola Special and Multiple Transistors 


Vero = 30V 
mp1129 eae 


NPN silicon annular dual-transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 


MD1129 MD1130 


CASE 32 CASE 33 
(TO-5) 
MD1129 MD1129F (NPN) (PNP) 
PIN CONNECTIONS 
BOTTOM VIEW 
MD1129F MD1130F 


ABSOLUTE MAXIMUM RATINGS (each side) 


Characteristic 
Collector-Base Voltage 


Collector-Emitter Voltage 
MD1129 
Emitter-Base Voltage 


Collector Current 
(Limited by P D 
Operating Junction Temperature rs 


Storage Temperature 


-65 to +200 


Flat casted 
Total Device Dissipation 
(25°C Ambient Temperature) 350 
2 
600 
3.4 


Derate above 25°C 


TO-5 Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 
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Motorola Special and Multiple Transistors —-—— 


MD1129 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(At 25° ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(IQ = 10 pAdc) 


Collector-Emitter Breakdown Voltage* 
(IQ = 10 mAdc) 


Emitter-Base Breakdown Voltage 
(I, = 10 pAdc) 


Collector Cutoff Current 
(Von = 50 Vdc) 


(Von = 50 Vde, T, 


Emitter Cutoff Current 


= 150°C) 


Collector-Emitter Saturation Voltage 
| (Ia = 10 mAdc, I, = 1 mAdc) 


Base-Emitter Saturation Voltage 
(I, = 10 mAdc, I,, = 1 mAdc) 
C B 
DC Forward Current Transfer Ratio 
(I, = 10 pAdc, Vor = 10 Vdc) 


(I, = 100 wAdc, Vg = 10 Vdc) 


(I. = 1 mAdc, V,,, = 10 Vdc) 
Cc 


CE 


(IQ = 10 mAdc, V,,,, = 10 Vdc) 


CE 
DC Current Gain Ratio** 
I, = 100 pAdc, Vor = 10 Vdc) 


tre = 1 mAdc, Vor = 10 Vdc) 


Base Voltage Differential 
(I, = 100 pAdc, Vcr = 10 Vdc) 


(I, = 1 mAdc, Vor = 10 Vdc) 


Base Voltage Differential Change 


(I, - 100 wAdc, Vo, = 10 Vde, T, = -55°C to +125°C) | 


CE A 


Collector Output Capacitance 
(Vop = 10 Vdc, f = 100 kc) 


| Current-Gain —Bandwidth Product 
Vor = 10 Vdc, In = 20 mAdc) 
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Motorola Special and Multiple Transistors 


Vero =40V 


PNP silicon annular dual-transistors tor differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 


MD1129 MD1130 


CASE 32 CASE 33 
(TO-5) 


MD1130 MD1130F 


(NPN) (PNP) 
PIN CONNECTIONS 
BOTTOM VIEW 


MD1129F MD1130F 


1 1 
A) 2 9 2 
7 4 7 4 
5 5 
ABSOLUTE MAXIMUM RATINGS (each side) 


Collector Current Ia 
(Limited by Py) . 
Operating Junction Temperature 


Storage Temperature -65 to +200 


Flat Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


250 
1.5 
TO-5 Package 
Total Device Dissipation 
(25°C Ambient Temperature) 600 
Derate above 25°C 3.4 
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—— Motorola Special and Multiple Transistors ——— 


MD1130 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
1, = -10 yw Adc) 


Collector-Emitter Breakdown Voltage* 
I, = -10 mAdc) 


Emitter-Base Breakdown Voltage 
(ip = -10 wAdc) 


Collector Cutoff Current 
(Voz = -50 Vdc) 


(Vn = -50 Vde, T, = 150°C) 


CB A 


Emitter Cutoff Current 
(VE. B™ -3 Vdc) 


Collector-Emitter Saturation Voltage V 
(I, = -10 mAde, I, = -1 mAdc) CE(sat) 


Base-Emitter Saturation Voltage Vor (sat) 
I, = -10 mAdc, I, = -1 mAdc) 


DC Forward Current Transfer Ratio 
(I, = -10 wAdc, V = -10 Vdc) 


CE 
(I, = -100 wAdc, Vor = -10 Vdc) 
CE” -10 Vdc) 


I, = -1 mAdc, V 
CE = 710 Vde) 


(I, = -10 mAdc, V 
DC Current Gain Ratio** h *% 
ws ; _ FE1/ FE2 
I, = -100 pAdc, VoE = -10 Vdc) 
fl, = -1 mAdc, Vor = -10 Vdc) 


h 
Base Voltage Differential |V 
I, = -100 wAdc, Vor = -10 Vdc) 


(I, = -1 mAdc, V,,, = -10 Vdc) 
Cc 


FE 


BE1" ’ BE®! 


CE 


Base Voltage Differential Change 


(I, = -100 wAdc, Vag = -10 Vdc, Ty = -55°C to +125°C) 


Collector Output Capacitance 
(Voz = -10 Vdc, F = 100 kc) 


Current-Gain — Bandwidth Product 
(Vor = -10 Vdc, In = -20 mAdc) 


* Pulse Test: Pulse Width <s 300 usec, Duty Cycles 2% 


** The lowest h reading is taken as h for this ratio 
FE FE1 
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Motorola Special and Multiple Transistors 


Vocro =115V 
lc = 50mA 


NPN silicon annular dual-transistors for high- 
frequency oscillator and amplifier transistors. 


CASE 32 CASE 33 


(TO-5) 
MD1131 MD1131F 
1 
9 2 
7 4 
5 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


Storage Temperature 


Total Device Dissipation 
@ T ae 25°C 
TO-5 Package 
Derate above 25°C 


Flat Package 
Derate above 25°C 
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Motorola Special and Multiple Transistors 
MD1131 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristic ) Symbol | 


Collector- Base Breakdown Voltage BV 
re = 1 pAdc, In = 0) 


Collector-Emitter Breakdown Voltage BV 
i, = 3 mAdc, I, = 0) 


Vdc 


Le ~ 


ao 


Emitter-Base Breakdown Voltage 
(lp = 10 pAdc, I, = 0) 


Collector Cutoff Current 
(Voz = 15 Vdc, Ip = Q) 
(Vox = 15 Vdc, Ih = Q, Ty = +150°C) 


Collector-Emitter Saturation Voltage 
(I. = 10 mAdc, I, = 1 mAdc) CE(sat) 
Cc B 
Base-Emitter Saturation Voltage Vv 
i, = 10 mAdc, In =! mAdc) BE(sat) 


BVEBO 
IoBo 
Vv 


DC Forward Current Transfer Ratio hog 
O, = 1 mAdc, Vor = 5 Vdc) 

Output Capacitance Cc ob 
(VA, = 10 Vdc, f = 140 kc) 

CB 

(Voz = 0 Vdc, f = 140 kc) 

Input Capacitance Cy 
(Vip = 0.5 Vdc, f = 140 kc) 

Small-Signal Forward Current Transfer Ratio Nee 


(1, = 4mAdc, V_., = 10 Vdc, f = 100 mc) 


CE 
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Moforola Special and Multiple Transistors 


mo1132 Neat ary 


NPN silicon annular dual-transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 


CASE 32 CASE 33 
(TO-5) 
MD1132 MD1132F 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


Collector Current 


| Junction Temperature 


Total Device Dissipation 
@ Ty, = 25°C 
TO-5: MD1132 
Derating Factor Above 259°C 


Flat Package: MD1132F 
Derating Factor Above 25°C. 
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Motorola Special and Multiple Transistors 


MD1132 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(At 25° ambient temperature unless otherwise noted) 


Characteristics 


Collector-Base Breakdown Voltage 


BVcRO 


tw 

< 
ty 
oo 
oO 


(Ic = 1 pAdc) 
Collector-Emitter Breakdown Voltage BVcrO 
(Ic = 3mAdc) | 


Emitter-Base Breakdown Voltage Vdc 


(Ip = 10 pAdc) 


—s 
ol 
< 
2. 
© 


Collector Cutoff Current 
(Vop = 15 Vdc) 
(Vop = 15 Vdc, T, = 150°C) 


IcBO 


2 

oOo © 

= 
2. 
Q 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I, = 10 mAdc, Ip = 1 mAdc) 0.4 
Base-Emitter Saturation Voltage VEE(sat) Vdc 
(Ic = 10 mAdc, Ip= 1 mAdc) 1.0 
DC Forward Current Transfer Ratio 
(Io = 1 mAdc, Vopr = 5 Vdc) = 
DC Current Gain Ratio* hpp)/bpro* | 
(Ic = 1 mAdc, Vcg = 5 Vdc) 1.0 


Base Voltage Differential | | Vpri-VBE2 | 
(Ic = 1 mAdc, Vcog = 5 Vdc) 


Base Voltage Differential Change 
(Ic = 1 mAdc, Vcg = 5 Vde, T, = -55 to+25°C) 
(Ic = 1 mAdc, Vog = 5 Vdc, Ty = +25 to+125°C) 


Collector Output Capacitance 
(Vop = 10 Vde, f = 140 ke) 
(Vop = 0 Vdc, f = 140 ke) 


Input Capacitance Cib 
(Veg = 0.5 Vde, f = 140 kc) 


Small Signal Forward Current Transfer Ratio 
(Ig = 4 mAde,Vop = 10 Vde,f = 100 mc) 


E 
@ 


*The lowest hpg reading is taken as hyp, for this ratio 
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Motorola Special and Multiple Transistors 


mol 133 Vero =30V 


NPN silicon annular dual-transistors for high-current 
saturated switching and core driver applications. 


MD1133 MD1133F 
CASE 32 CASE 33 
(TO-5) 


1 
9 2 
7 4 
5 


PIN CONNECTIONS 
BOTTOM VIEW. 


ABSOLUTE MAXIMUM RATINGS each side) 


Flat taints 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


TO-5 Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 
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Motorola Special and Multiple Transistors 


MD1132 (continued) 
ELECTRICAL CHARACTERISTICS (each side) 


(At 25° ambient temperature unless otherwise noted) 
Characteristic 
Collector Cutoff Current 


V p= 40 Vde, I = 0) 


Vo 
(v 


E 


CB = 40 Vdc, I = 0, T, = 100°C) 


Emitter Cutoff Current 


(Von = 4 Vde, I, = 0) 


CB 
Collector-Base Breakdown Voltage 


= 10uAdc, I, = 0) 


ie E 


Collector-Emitter Breakdown Voltage* 
a = 10mAdc, pulsed, I, = 0) 
Emitter-Base Breakdown Voltage a 


(I, = 10uAdc, I,, = 0) 


Cc 


Collector Saturation Voltage* VoK(sat)* 
are = 150mAdc, I, = 15mAdc) 
(In = 500mAdc, I, = 50mAdc) 
i, = 1, 0Adc, I, = 100mAdc) 


Base-Emitter Saturation Voltage* V BE(sat)* 
(I, = 150mAdc, I, = 15mAdc) 
(Io = 500mAdc, I, = 50mAdc) 
(I, = 1. 0Adc, I, = 100mAdc) 


DC Forward Current Transfer Ratio* 


= 150mAdc, V = 1Vdc) 


(I CE 


ove = 500mAdc, Vor = 1Vdc) 


= 1Adc, V = 5Vdc) 


(Iq CE 


Output Capacitance 


(Vag = 10Vde, I, = 0, £ = 100kc) 


Input Capacitance = 


(V = 0,5Vdc, I, = 0, f = 100kc) 


EB C 


Current Gain-Bandwidth Product (TO-5) 


Mg = 50mAdc, Vap = 10Vdc, f = 100mc) 


Current Gain-Bandwidth Product (Flat) 


= 20mAdc, V = 10Vdc, f = 100mc) 


Co CE 
* Pulse Test: Pulse width = 300usec, duty cycle = 2% 
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Motorola Special and Multiple Transistors ——— 


Vero = 15V 
mp 1134 Ic = 500 mA (peak) 


NPN silicon annular dual transistor for high-speed 
switching applications. 
CASE 32 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 
Collector to Base Voltage 


Collector to Emitter Voltage 


Emitter to Base Voltage VEBO a Vdc 
Collector Current (10sec pulse) 


mAdc 


15 
4) 


Storage Temperature -65 to +200 


Total Device Dissipation 
25 C Ambient Temperature 
One Side , 500 mW 
600 mW 


Both Sides 


Derate 2. 9mW °C above 25°C (one side) 
Derate 3. 4mW °C above 25 °C (both sides) 
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Motorola Special and Multiple Transistors 
MD1134 (continued) 


ELECTRICAL CHARACTERISTICS (At 25° ambient temperature unless otherwise noted) 


Characteristic 


Collector Base Breakdown Voltage 


= 10uA, I, = 0 


Io E 


Collector-Emitter Breakdown Voltage 


= 10mA, I, = 0 


Io B 


Emitter-Base Breakdown Voltage 


In = 10uA, I, = 0 


Collector Cutoff Current 


Vo = 20V, 1, =0 


Collector Cutoff Current 


=0, T, = 150°C 


CB A 


Vop = 20V, Lp 


Forward Current Transfer Ratio 


= 10mA, Voz = 1V 


=1V,T, =-5 


A 


= 100mA, Vor =2V 


Collector Saturation Voltage VoK(sat) 
In = 10mA, I, =ImA 
.Base Saturation Voltage VBE(sat) 
I, = 10mA, I, = 1mA 
Output Capacitance Cc 
Vop = 5V, Ip = 0, f = 140kc 
Cc 


Input Capacitance 
=1V, In = 0, f = 140kc 
Forward Current Transfer Ratio 
In = 10mA, Vor = 10V, f = 100mc 


* Pulse Condition: 
P.W. < 300usec, D.C. < 2% 


ob 
ib 
Nee 
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——— Motorola Special and Multiple Transistors ——— 


Vos = 50V 
mm2090 eae aA 


mm2091 


@ Silicon N-channel junction field effect transistors 
for low power switch and amplifier applications in the 
audio frequency range. Double gate configuration is 
provided for greater design flexibility. 


CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


| Characteristic | Symbol 


Reverse Gate-Source Voltage 


Gate 1 
Gate 2 


Drain-Source Voltage 


Gate 1-Gate 2 Voltage 


MM2090 
MM2091 


Gate 2-Gate 1 Voltage 


MM2090 
MM2091 


Gate Current 


Total Device Dissipation 
@25°C Ambient Temperature 


Derating Factor Above 25°C 
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——— Motorola Special and Multiple Transistors 


MM2090, MM2091 (continued) 


ELECTRICAL CHARACTERISTICS 


(At 25° ambient temperature unless otherwise noted) 


| Ata] ttl i il in| 
ee cmnntoone 


Gate 2 Common to Gate 1 
Gate-Source Breakdown Voltage 


1, = 10 yA, Vi. = 0, V 0 


G DS G1G2 ~ 
Drain-Gate Reverse Current 


0 


YD 


=25V, 15=0, Voig = 


G S 


Laon 


Gate Reverse Current 


Vag =25V, V 


GS , 


°, Voice = 


ps = % Veigg = % T 


DS — 


Vig =25V, V = 150°C 


GS A 


Zero-Gate-Voltage Drain Current 


Vi. =10V, V 


DS =0, V 


0 


G1G2 GS ~ 


Gate-Source Voltage 
Vos =10V, V 
V 


= 0, 1, = 20 uA MM2090 


G1G2 D 


= 10 V, Vaigg = 9 Ip = 150 uA MM2091 


DS D 


Gate-Source Cutoff Voltage 


Vog = 10V, Ip = 1A, V 0 


D D G1G2 ~ 


Static Drain-Source "On" Resistance 


=0, V 0 


DS > 


Drain-Gate 1 Reverse Current 


‘pe, =25V, Ig, > 0,1,=0 


= 150°C 


=25V,I, =0,1,=0, T 


S A 


Go 


Gate 1-Gate 2 Reach Through Voltage 


I =10 pA, I 


G1G2 = 0, I, = 0 


D S 


Gate 2-Gate 1 Reach Through Voltage 


= 10 nA, Ip = 0, I, = 0 


Werxes! D 


Gate 1 - Source Cutoff Voltage 


V. 


DS 0 


=10V, I) = LOA, Vegg = 


Gate 2 - Source Cutoff Voltage 


V g = 10V, 1 


. p= LOLA, Veig = 0 


Vos Vde 
-12 
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Motorola Special and Multiple Transistors 
MM2090, MM2091 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 
SMALL SIGNAL COMMON-SOURCE CHARACTERISTICS 


Characters sca oeee 


Magnitude of Forward Transfer Admittance jmhos 
Vos =10V, Veis = Voas = 0, f=1 ke 
Gate 2 Common to Source 1600 
Gate 2 Common to Gate 1 2400 
. pf 


Reverse Transfer Capacitance 


Vig =10V, V Viog = 0, f= 1 ke 


DS 


Gis ~ 


G2S 
Gate 2 Common to Source 


Gate 2 Common to Gate 1 


- 2.0 - 2.0 
Input Capacitance zd pf 
Vos =10V, Vous = Voos = 0, f=1 ke 
Gate 2 Common to Source 5. 0 5. 0 
Gate 2 Common to Gate 1 14 14 
Magnitude of Output Admittance imhos 
Vos =10V, Vois = Voos = 0, f=1ke 
Gate 2 Common to Gate 1 10 
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——— Motorola Special and Multiple Transistors ——— 


mm 2092 Vos = 50 V 


CO 


© 


Silicon N-channel junction field effect transistor for 
AGC and mixer applications. Double gate configura- 
tion is provided for greater design flexibility. 


CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Reverse Gate-Source Voltage 
Gate 1 


Gate 2 


Drain-Source Voltage. 


Gate Current m Adc 
Gate 1 Toy 20 
Gate 2 Igo 


20 


Junction Operating Temperature 


Total Device Dissipation 200 mW 
@ 25 C Ambient Temperature 
Derating Factor Above 25 C 1.14 mW, C 
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Motorola Special and Multiple Transistors 
MM2092 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C ambient temperature unless otherwise noted) 


Characters a ee ee 


Gate 2 Common to Gate 1 


Gate ~Source Breakdown Voltage 


Ie = 10 WA, Vine 0, Viesas = 0 


Drain-Gate Reverse Current 


Vong 725, 1g=9, Veige = 9 


Gate Reverse Current 
Vog7 25 V; Vpg = 9: V =0 


G1G2 
Vog= 25V, Vog=9, Veiga =% Ta = 150 C 


Zero-Gate-Voltage Drain Current 


Vigg= 10°V; Veu=0, Vieics = 0 


Gate -Source Voltage 


Vg = 10'V -Vewcs 


DS ee 


D* 300 pA 


Gate-Source Cutoff Voltage 


Vong 2 l0V, Ip = lua, V 


DS ° 


G1G2 ~ 


Static Drain-Source ''On" Resistance 


Vag Ox Mpg? 


Drain-Gate 1 Reverse Current 


=0, 1,=0 


1725, 1 a 


G2 


= 25 V, Igy = 0, 1, = 0, Ty = 150°C 


G2 A 


Gate 1-Gate 2 Reach Through Voltage 


I =10yA, I 


G1G2 = 0, I, = 0 


D S) 


Gate 2-Gate 1 Reach Through Voltage 


I = 10 yA, I 


G2G1 = 0, Ig =0 


D S 


Gate 1-Source Cutoff Voltage 


Ving = 10V, 1 


DS 


p=} OuA, V 


G2S 


Gate 2-Source Cutoff Voltage 


=10V, 1.=1.0uA, V 0 


Vos D Gis * 
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- Motorola Special and Multiple Transistors 


MM2092 continued) 


ELECTRICAL CHARACTERISTICS (continued) 


SMALL SIGNAL COMMON-SOURCE CHARACTERISTICS 


Characteristic 


Magnitude of Forward Transfer Admittance 


Ving = 10 V, Viig = Vang = 0, f= 1ke 


DS G1S G2s 
Gate 2 Common to Source 


Gate 2 Common to Gate 1 
Reverse Transfer Capacitance 


Ving = 10 V, V =V 


G1S G2s 


Gate 2 Common to Source 
Gate 2 Common to Gate 1 


DS = Q, f= 1ke 


Input Capacitance 


Vig = 10V, Vii =V 


G1S G2S 


Gate 2 Common to Source 
Gate 2 Common to Gate 1 


Magnitude of Output Admittance jzmhos 
Vos = 10V, Vois = Vaes = 0. f=1ke 
Gate 2 Common to Gate 1 


TYPICAL PERFORMANCE 
@ 100mc (Vos = 10V, Veto = O, Gi = Signal Rate, G2 Grounded) 


Characteristic . } symtot Typical Performance Suit 
Forward Transfer Admittance 1300 + j 400 
Output Admittance 125 + j 1600 


Pee | 


6 =0, f=1ke 


R117 5:0 kQ, Roy = 8.0k2 


22 
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SPECIAL PURPOSE SILICON DIODES 


Including: 


VARACTOR DIODES 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


4-LAYER DIODES 
RF SWITCHING DIODE 


Devices included in this section: 


1N4386 M4L2054 MV 1870 MV 1877 
1N4387 MV 1808 MV 1871 MV 1878 
1N4388 MV 1864 MV 1872 MV 1892 
M4L2052 MV 1866 MV 1874 
M41L2053 MV 1868 MV 1876 
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e For case outline dimensions, see page 1-26. 
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SILICON POWER VARACTOR DIODES 


Motorola power varactors are designed for use as frequency multiplier out- 
put stages in RF transmitters requiring higher power VHF/UHF output than 
currently available with high-frequency power transistors. 


Motorola power varactors are fabricated by the formation of a deep-diffused 
silicon junction with a unique impurity profile. The significance of this im- 
purity profile is the enhancement of nonlinearities due to the fast recovery of 
stored minority carriers after a forward voltage surge. Dependence upon this 
nonlinearity, rather than on capacity variation with reverse voltage, results in 
higher efficiency at high-power levels and considerably less distortion of am- 
plitude modulated signals. 


For a discussion of Varactor Applications, see page 12-40 


SILICON VOLTAGE-VARIABLE CAPACITANCE DIODES 


Motorola "EPICAP" voltage- variable capacitance diodes are designed for 
electronic tuning and harmonic generation applications. The abrupt junction 
design provides a large variation in capacitance for a changein appliedreverse 
bias. 


PARAMETER TEST METHODS 


— 


. Ls, SERIES INDUCTANCE 5. foo, CUTOFF FREQUENCY 

A. PILL / PILL-PRONG PACKAGE fco is calculated using the equation fco = Qf. 
Series inductance is calculated. 

B. GLASS PACKAGE 


Ls is measured on a shorted package at 250 mc using an 
impedance bridge (Boonton Radio Model 250A Rx Meter). 6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 


_ The diode capacitance, C; (as measured at Vaz = 4 Vdc, 
b= reee tenet: f = 1 mc) is compared to C; (as measured at V,; = 60 vdc, 
2. Cc, CASE CAPACITANCE = 1 mc) by the following equation which defines a. 
Cc is measured on an open package at 1 mc using a capaci- « — 108 Cr(4) — log Cr(60) 
tance bridge (Boonton Electronics Model 75A). log 60 — log 4 


Note that a C; versus V, law is assumed as shown in the follow- 
ing equation where Ce is included. 

3. C,, DIODE CAPACITANCE c= K 

(Cr = Ce + Cs). Cr is measured at 1 mc using a capacitance 7 Va 

bridge (Boonton Electronics Model 33AS8). « is not the same as 7. 


4. Rs, SERIES RESISTANCE and Q, FIGURE OF MERIT 
Rs and Q are calculated by taking the G and C readings of an 7. TC., DIODE CAPACITANCE TEMPERATURE COEFFICIENT 


admittance bridge at the specified frequency and substituting TCe is guaranteed by comparing C; at Vk = 4 Vdc, f = 1 me, 
in the following equations: Ta = —65°C with C; at Ve = 4 Vdc, f = 1 me, Ta = +85°C in 
__G Q= 2rfC the following equation which defines TCc: 
(2xf)'C? G TCe = Cr(+85°C) — Cr(—65°C) |, __10* 
(Boonton Electronics Model 33AS8). 85 + 65 C1(25°C) 
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EPICAP* VOLTAGE VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 


A. EPICAP NETWORK PRESENTATION 


The equivalent circuit in Figure 7 shows the voltage capaci- 
tance and parasitic elements of an EPICAP diode. For design 
purposes at all but very high and very low frequencies, Ls, Rs, 
and Ce can be neglected. The simplified equivalent circuit of 
Figure g represents the diode under these conditions. 


Definitions: 

C; — Voltage Variable Junction Capacitance 

R; — Series Resistance (semiconductor bulk, contact, 
and lead resistance) 

Cc — Case Capacitance 

Ls — Series Inductance 

R; — Voltage Variable Junction Resistance (negligible 
above 100 kc) 


FIGURE 7 


FIGURE 8 
c, Rs 


B. EPICAP CAPACITANCE VS REVERSE BIAS VOLTAGE 


The most important design characteristic of an EPICAP 
diode is the C; versus Ve variation as shown in equations 1 and 
2. Since the designer is primarily interested in the slope of C; 
versus Vp, the Cc, Co, ¢, and 7 characteristics have been en- 
compassed by the simplified equation 3. Min/max limits on 
i (as defined in Note 1) guarantee device C; over the specified 

a Fange. 


C.= Cy at Ve = (@] 
¢@ = Contact Potential, ¢ ~ 0.6 Voit 


Cr = Cco+ Cy 


Ge Coen 


Vay 
1+— 
( ) 


Cpe 


Vac 


(1) 
(2) 


Ve == Reverse Bias 
v= Cyslope, 7 ~ 0.5 


(3) 


C. EPICAP CAPACITANCE VS FREQUENCY 


Variations in EPICAP effective capacitance, as a function of 
operating frequency, can be derived from a simplified equiv- 
alent circuit similar to that of Figure 1, but neglecting Rs and 
R,. The admittance expression for such a circuit is given in 
equation 4. Examination of equation 4 yields the following 
information: 

At low frequencies, C.. ~ Cs; at very high frequencies 
(f= 0) Cu Ce. : be 

As frequency is increased from 1 mc, C., increases until it 
is maximum at w? = 1/LsC,; and as w? is increased from 
1/LsC,; toward infinity, C., increases from a very negative 
capacitance (inductance) toward C.g=Cc, a positive 
capacitance. 

Very simple calculations for C., at higher frequencies indi- 
cate the problems encountered when capacity measurements 
are made above 1 mc. As w approaches w = 1/V/LsCy, small 
variations in Ls cause extreme variations in measured diode 
capacitance. 


jwC, 


 —— joC., = jw. +i ALG, 


(4) 


D. EPICAP FIGURE OF MERIT (Q) AND CUTOFF FREQUENCY (f..) 


The efficiency of EPICAP response to an input frequency is 
related to the Figure of Merit of the device as defined in equa- 
tion 5. For very low frequencies, equation 6 applies whereas 
at high frequencies, where R; can be neglected, equation 5 
may be rewritten into the familiar form of equation 7. 

Another useful parameter for EPICAP devices is the cutoff 
frequency (f..). This is merely that frequency at which Q is 
equal to 1. Equation 8 gives this relationship. 


E. HARMONIC GENERATION USING EPICAPS 


Efficient harmonic generation is possible with Motorola 
Epicaps because of their high cutoff frequency and break- 
down voltage. Since Epicap junction capacitance varies 
inversely with the square root of the breakdown voltage, har- 
monic generator performance can be accurately predicted 
from various idealized models. Equation 9 gives the level of 
maximum input power for the Epicap and equation 10 gives 
the relationships governing Epicap circuit efficiency. In these 
equations, adequate heat sinking has been assumed. 


Bue wOsRs? 
Rs +E Rs(1 + oC? R,2) 


1 
feo = f max oo 
Q 2xRsCov, 


P, — M(BVa +t ¢)? fin 
pil = Rs feo 


M(x2) = 0.0285; M(x3) = 0.0241; M(x4) = 0.196 


fout 


Eff = i— NF. 


N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5 


M and Nare constants. 


(5) 
(6) 
(7) 


(8) 


(9) 


(10) 


4-LAYER DIODES 


Motorola 4-layer diodes are forward breakover devices designed for low- 


voltage, two-terminal switching and triggering applications. 


These devices 


are recommended for logic circuit applications, as pulse generators, memory 
and relay drivers and relay replacements as wellas for alarm circuits, multi- 
vibrators, ring counters, telephone switching and SCR trigger circuits. 


Py 
Ta 


4-LAYER DIODE SYMBOLS AND DEFINITIONS 


—V 


FORWARD VOLTAGE APPLICATION RATE (V/,.sec) — The 
rate of rise of forward voltage. 

FORWARD BREAKOVER (SWITCHING) CURRENT — The value 
of anode current at the instant the device switches 
from the blocking to the ‘“‘on” state, specified at a par- 
ticular junction temperature. 

FORWARD CURRENT — The continuous or DC value of 
forward current during the ‘‘on”’ state. 

PEAK FORWARD BLOCKING CURRENT — The peak anode 
current when the 4-layer diode is in the “off” state 
for a stated anode-to-cathode voltage and junction 
temperature. 

HOLDING CURRENT — That value of forward anode cur- 
rent below which the 4-layer diode switches from the 
conducting state to the forward blocking condition. 
PEAK PULSE CURRENT — The peak repetitive current 
that can flow through the device for the time dura- 
tion stated and staying within the Pp rating. 

PEAK REVERSE BLOCKING CURRENT — The peak current 
when the 4-layer diode is in the reverse blocking state 
for a stated anode-to-cathode voltage and junction 
temperature. 
STEADY STATE POWER DISSIPATION 


AMBIENT TEMPERATURE 


MECHANICAL CHARACTERISTICS 


Veer 


Vamirep} 


CASE: Void free, Transfer Molded, Thermosetting Silicone Polymer. 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, 34” from case for 10 seconds at 5 Ibs. tension. 
FINISH: All external surfaces are corrosion-resistant. 
POLARITY: Cathode indicated by color band. 
MOUNTING POSITION: Any. 

HANDLING PRECAUTIONS: per MIL-S-19500. 

WEIGHT: 0.40 Grams (approximately) 


RF SWITCHING DIODE 


Silicon RF diode designed for high-power, high-frequency signal switching. 
It is specifically designed as a solid-state replacement for mechanical antenna 
and coaxial relays. 


— CATHODE 


+ ANODE 


+V 


' 
( 
Vee | 


Vieaye 


JUNCTION TEMPERATURE 
STORAGE TEMPERATURE 


TURN-ON TIME — The time interval between the 90% 
point (90% of forward blocking voltage) and the 
point 10% above the ‘“‘on’”’ voltage under stated 
conditions. 


TURN-OFF TIME — The time interval required for the 
device to regain control of its forward blocking char- 
acteristic after interruption of forward anode current. 


FORWARD BREAKOVER (SWITCHING) VOLTAGE — The posi- 
tive anode voltage with respect to cathode required to 
switch the device from the high impedance blocking 
state to the low-impedance “on” state, specified at a 
particular junction temperature. 

FORWARD VOLTAGE — The forward voltage across the 
device in the “on” state under stated conditions of 
current and temperature. 

FORWARD BLOCKING VOLTAGE — The anode-to-cathode 
voltage when the 4-layer diode is in the “off” state. 
PEAK REVERSE VOLTAGE — The maximum allowable in- 
stantaneous value of reverse voltage (repetitive or 
continuous DC) which can be applied to the device 
at a stated temperature without damage to the device. 


Motorola Varactor Diodes 


1n4386 Ve = 250V 
Po = 37.5 W @ 150 Mc 
n= 75% (fo = 150 Mc) . 


_ Silicon varactor diode for high-power frequency mul- 
tiplication applications. 


CASE 49 
(DO-4) 


cathode connected to stud 


MAXIMUM RATINGS 


Reverse Voltage 
RF Power Input 


Total Device Dissipation @ Te = 75°C 
(derate 0.25 W/°C above 75°C) 


Junction Temperature 


Storage Temperature 


Series Resistance 


Junction Capacitance 


Figure of Merit 


Power Output TRIPLER 
TEST CIRCUIT 


Efficiency 
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1N4386 (continued) 


POWER OUTPUT versus OUTPUT FREQUENCY 
FOR HARMONIC TRIPLING 


Q, FIGURE OF MERIT 


Poste POWER OUTPUT (WATTS) 


fous, OUTPUT FREQUENCY (mc) 


Motorola Varactor Diodes 


SERIES RESISTANCE AND FIGURE OF MERIT 
versus REVERSE VOLTAGE 


Sa 


60 80 100 120 140 160 180 200 
Vg, REVERSE VOLTAGE (VOLTS) 


R;, SERIES RESISTANCE (OHMS) 


50 mec TO 150 mc TRIPLER TEST CIRCUIT 


OUTPUT 
f = 150 mc 


ui Ls 


INPUT 
t= 50 me 
Pin = 5OW 


APPLICATION NOTES 
VARACTOR CHARACTERISTICS : 


The 1N4386 is designed for RF power inputs up to 100 
watts and for output frequencies up to 300 mc. Although 
power handling capability is stressed in device construction, 
high-multiplication efficiency is maintained with input pow- 
ers as low as 10 watts. 

Where frequencies with input powers below 10 watts are 
to be multiplied, or where higher output frequencies are 
desired, the 1N4387 varactor diode is recommended. That 
device is designed for maximum power levels up to 40 watts 
and output frequencies up to 600 mc. (see the 1N4387 data 
sheet for device specifications. ) 

Both the 1N4386 and 1N4387 power varactors are fab- 
ricated by the formation of a deep diffused silicon junction 
with a unique impurity profile. One of the significant char- 
acteristics of such a profile is enhancement of nonlinearities 
due to the sharp recovery of stored minority carriers injected 
during the forward voltage swing. This increased nonlinear- 
ity results in better efficiency retention at high power 
levels and considerably less distortion of amplitude 
modulated signals. 

Published design theory for abrupt junction varactors can 
be used for approximate calculations of diffused varactor 
impedance and power handling capability, but the engineer 
is cautioned to use the results of such calculations for per- 
formance estimates only. Functional specifications and 
circuit-determined curves are included with data sheet infor- 
mation in order to facilitate circuit design. 

The DO-4 package is well suited to varactor shunt circuits 
as the stud can be mounted to a chassis for ground and heat 
sink purposes. 


Pout = 32.5W min. 


a wen [HE Te [ran 
(inside) 

pu | awe | tine | 7 | ae 
Papa [| uae [am [sae 
is as SL 
Te, | 28-11 pf [EF JORNSON 167-1 | VARIABLE CAPACITOR 
6, | 67-140 pf] HAMMARLUND _APC-140| VARIABLE CAPACITOR 
ry [3.025 t | nAMMARLUND Po. | VARIABLE cpacrToR| 
Tex [2.935 pf | HAMMARLUNO_MAPC-5] VARIABLE caPACITOR| 
[| 3025 [waMNaRuunD  AP625 [vARWBLE cPArTOR 


GENERAL DESIGN CONSIDERATIONS: 


In the design of varactor harmonic multipliers, lumped 
circuit techniques are useful up to 450 mc with little per- 
formance degradation provided coil and capacitor “Q” 
values of 200 to 300 are maintained. 

Above 450 mc, coaxial, stripline, or helical coil resonators 
aresrecommended. Component values are not particularly 
critical; however, excessive inductance or insufficient cou- 
pling can cause low efficiency, and insufficient inductance or 
excessive coupling can cause poor filtering. Simple experi- 
mentation with well constructed and shielded breadboards 
is generally sufficient for circuit optimization. Note that an 
adequate tuning range must be provided to insure input 
match Over normal varactor’variations, and that spurious 
signals between stages should be kept below 30 db by suit- 
able filter circuits. 

If self bias is used, bias resistor values between 68K and 
270K ohms are optimum. The higher values give more effi- 
cient operation, whereas the lower values permit more linear 
operation. Amplitude modulated signals can be passed with 
relatively low distortion if Rg ~ 100K ohms and the varac- 
tor RF input power level is kept less than 65% of the rated 
maximum limit. 

For all multiplications other than doubling, idler circuits 
should be provided in order to optimize circuit efficiencies. 

In typical applications doubling efficiency is 5% 
greater than that for tripling and quadrupling efficiency 
5% less than that for tripling. (See data sheet curves.) 
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Motorola Varactor Diodes 


—1n4387 V, = 150V 


Po = 18W @ 450 Mc 
7 = 60% (fo = 450 Mc) 


Silicon varactor diode for high-power frequency mul- 
tiplication applications. 


CASE 49 
(DO-4) 


MAXIMUM RATINGS 


a eee ee 


Reverse Voltage i ae 150 
RF Power Input 


a a a 
Total Device Dissipation @ Tc = 75°C 
(derate 0.2 W/°C above 75°C) 
Ty 


cathode connected to stud 


Storage Temperature Range -65 to +175 


ELECTRICAL CHARACTERISTICS (Te = 25°) 


Characteristic symbol 
Reverse Breakdown Voltage 


Series Resistance Bs 
Junction Capacitance cr 


V 
f = 


Cy 
Figure of Merit fo 
n 


POWER OUTPUT versus OUTPUT FREQUENCY SERIES RESISTANCE AND FIGURE OF MERIT 


f = 50 mc 


Power Output 


Efficiency 


FOR HARMONIC TRIPLING versus REVERSE VOLTAGE 
30 
a 
25 ental — = 
20, ee ah 2 
= of _a-Pa=owms| {| NT : a 
=) a Geter seo me, 2 z 
r < 
Sis| ren aowns [| TS : : 
a ER RE OE ee > 4 
ae eae ee Fa = a 
: Py=lowaTts; =| | S a 
RY ——= é 
5 
ae Se 
0 ae ca 0 
100 200 400 600 800 0 20 40 60 8 100 120 140 160 180 200 
fou OUTPUT FREQUENCY (me) Vp, REVERSE VOLTAGE (VOLTS) 
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Motorola Varactor Diodes 


1n4388 Vn = 100 V 
7 = 60% (fo = 1000 Mc) 
Po = 12W @ 1000 Mc 


Silicon varactor diode for high-frequency harmonic 
generation applications. 


cathode connected to stud 


CASE 49 
(DO-4) 


MAXIMUM RATINGS (Tc= 25°C unless otherwise noted) 


Reverse Voltage 
Forward Current 
RF Power Input 


Total Device Dissipation @ To = 75°C 
Derate above 75°C 0.10 


Junction Temperature | ! +175 


Storage Temperature T -65 to +175 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Reverse Breakdown Voltage = 10 pAdc 


In 
Reverse Current = 75 Vde 


=75 Vdc, T, = 150°C 


A 
Series Resistance = 6 Vdc, f = 50 mc 


Diode Capacitance = 6 Vdc, f= 50 me 
= 90 Vdc, f = 50 mc 


Figure of Merit = 6 Vde, f = 50 mc 
= 90 Vdc, f = 50 mc 


TEST CIRCUIT 
(Figure 1) 
P, =20W, f.. = 500 mc 
in in 


f = 1000 mc 
out 


Power Output 


Efficiency 
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Motorola Varactor Diodes 


1N4388 (continued) 


POWER OUTPUT versus OUTPUT FREQUENCY 


a 
S = 
= = 
= — 
5 = 
= 
po} an 
= = 
J = 
a® 
10 2.0 10 20 100 100 200 300 400 500 700 
Vp, REVERSE VOLTAGE (VOLTS) f, OUTPUT FREQUENCY (mc) 

e TRIPLING (X3) QUADRUPLING (X4) 
a a 
g g 
— 
2 = 
3 3 
& & 
z = 
a. Q 

0 0 
100 200 300 400 500 700 1000 1200 100 200 300 400 6500 700 
f, OUTPUT FREQUENCY (mc} f, OUTPUT FREQUENCY (me) 


FIGURE 1 — HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
SOO MCCORXCAVITY 1000 MC COAX CAVITY 


10-10 


1000 1200 


1000 1200 


¢++—o 1000 MC 


Zout 500 


Motorola Varactor Diodes 


mv1808A, B,C V, =75V 


Po =7.2W @ 2 Gc 
n = 60% (fo = 2 Ge) 


cathode cathode cathode 
(pill) ill rtri 
MV1808A yl eee fearttidee) 
CASE 48 CASE 46 CASE 47 


Silicon varactor diodes for high-frequency harmonic generation applications. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Characteristics | 


Reverse Voltage Vo 


Rating 
de 
Forward Current | o25 | Ade 
Watts 
ae 
ee 
Cc 


-65 to +200 


RF Power Input 


Total Device Dissipation @ To = 75°C 
Derate above 75°C 


Junction Temperature 
Storage Temperature 


Characteristics symbol Condition 
Reverse Breakdown Voltage | BV, | I, = 10 pAdc 


BV, 
Vp = 60 Vdc, Ty = 150°C 
Diode Capacitance c.* R™ 6 Vdc, f = 50 mc 
Vy = 70 Vdc, f = 50 mc 
Figure of Merit Ee Ve = 6 Vdc, f = 50 mc- 4 
Power Output : DOUBLER TEST CIRCUIT | 6.0 | 


Efficiency in 12 W, fin =1 gc 
=2 gc 
Therma) Resistance ra 
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MV1808A, B, C (continued) 


AL) 
Te 


TO 


Pout, POWER OUTPUT (WATTS) 


Motorola Varactor Diodes 


HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 


1 GC COAX CAVITY 2 GC COAX CAVITY 


POWER OUTPUT versus OUTPUT FREQUENCY 


DOUBLING (X2) 


fous, OUTPUT FREQUENCY (mec) 


TRIPLING (X3) 


) i 


\ 


VAL 


four OUTPUT FREQUENCY (mc) 


500 1000 1500 2000 


Pout, POWER OUTPUT (WATTS) 


fout, OUTPUT FREQUENCY (mec) 


TYPICAL CHARACTERISTICS at 25°C. 
FIGURE OF MERIT versus REVERSE VOLTAGE 


Pr ae a cs a (DS ss 
Fa A a aa a a Ha Pe 
2c ee i ae eee 


A 


Q, FIGURE OF MERIT 
on 
Ss 


w 
Ss 


ae ee 
| | 


ADMITTANCE-BRIDGE EQUIPMENT 
LIMITATIONS PREVENT ACCURATE 
MEASUREMENTS ABOVE Q = 1000 


3.0 5.0 7.0 10 
"Vp, REVERSE VOLTAGE (Vdc) 
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Motorola Voltage-Variable Capacitance Diodes 


mv 1864A C; = 6.8 pf 


Vz = 60 V 
foo = 150 Ge 
Max RF P,, = 5 W 
cathode 
Silicon voltage variable capacitance diode for elec- 
ain, tronic tuning and harmonic generation applications. 
CASE 48 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


ee 
ee 
ee 
[AF Rover ow | 


Device Dissipation @ T A= 25°C 
Derate above 25°C 


Device Dissipation @ To = 25°C 
Derate above 25°C 


Junction Temperature +175 Cc 


Storage Temperature poms -65 to +200 ae 


Note 1. The RF power input rating assumes that an adaquate heat sink is provided. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Test Conditions 


Characteristics 


R * 48 Vde 
248 vee, T, = 75°C 


— f=1mc, L~0 
a Vp = 4 Vde, f = 1 me 


Vp = 4 Vde, f = 100 me =n Be 
Vp = 4 Vde, f = 100 me 
ve = 60 Vdc, £=100 me | 1000 | 1500 


See Note 1 fee 


p = 60 Vae, f = 100 me ier 


VR = 4 Vdc, f=1 me 
VR =4 Vdc, f=1 me 
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Motorola Voltage-Variable Capacitance Diodes 


MV1864A (continued) 


PARALLEL EQUIVALENT FIGURE OF MERIT versus FREQUENCY 
DIODE ADMITTANCE versus FREQUENCY 


100 ee ep 10 


zg 
= 
4 a}{— : PNET TE 
poy) 
= 10 — ttt tte ft te E SESE Ta = 25°C 
E $$} =} = Ve = 4 Vac 
So Ee Se ed 
= ool | _| o 5 
= 20; a s 
ay | ee a A Se g = 
(4 : Te 2a PP TOKE A 2 2 2 es GR Ge ee oD Ceo 
= ER OG ee eS ee Ge ee ee GE ee = 


f, FREQUENCY (mc) f, FREQUENCY (me) 


DIODE CAPACITANCE versus REVERSE VOLTAGE ‘i FIGURE OF MERIT versus REVERSE VOLTAGE 


my 
S = 
5S 7 Es 
5 & 
8 5 3 
a a 
o 

3 

ate eee amies 
CoCr try 
6 
Vp, REVERSE VOLTAGE (VOLTS) Vp, REVERSE VOLTAGE (VOLTS) 

mv 1866 C, = 10-39 pf 


Vp = 60 V 


mv 1868 foo = 45 Ge 
mv 1871 
mv 1877 


Silicon voltage variable capacitance diode for elec- 
tronic tuning and harmonic generation applications. 


CASE 51 
(DO-7) 


polarity band on cathode end 
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Motorola Voltage-Variable Capacitance Diodes 


MV1866, MV1868, MV1871, MV1877 (continued) 
MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


Forward Current 


RF Power Input 


Total Device Dissipation 
at 25°C Ambient 


Above 25°C Derate 


Storage Temperature eC 


ELECTRICAL CHARACTERISTICS (Ta= 25°C unless otherwise noted) 


Characteristic Test Conditions 


Reverse Breakdown Voltage BV, In = 10 pAdec | 60} 75 | 


= 
=. 
s 
= 
3 
3 
J 1 
on > 


Series Inductance L 


Case Capacitance 


Diode Capacitance 


f= 250 mc, L = i/i6‘ - 5 10 nhy 


V,=4Vde, f=1me 


R 
MV1866 
MV1868 
MV1871 
MV1877 


Series Resistance 


V,, = 4 Vdc, f = 50 mc 


MV 1866 
MV1868 
MV1871 
MV1877 


4 Vdc, f = 50 mc 


MV1866 400 
MV1868 350 
MV1871 275 


Figure of Merit 
MV1877 250 


Figure of Merit VR = 60 Vdc, f = 50 mc 
Cutoff Frequency tae VR = 60 Vdc, f = 50 mc 


Diode Capacitance vs VR = 4Vdc, f=1 me 
Reverse Voltage Slope MV1866 


MV1868 
MV1871 
MV1877 


Diode Capacitance 
Temperature 
Coefficient 


Vp =4Vde, f= 1 me 


ry 
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Motorola Voltage-Variable Capacitance Diodes 


mv1870 Cy = 15-47 pf 
mv | 878 polarity band on cathode end 

Silicon voltage variable capacitance diode for elec- 
east tronic tuning and harmonic generation applications. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


60 


Reverse Voltage Ve 


F 


Forward Current 


RF Power Input 


Total Device Dissipa- 
tion @25°C Amb. 


Above 25°C Derate 
Junction Temperature 


P. 


2.67 
+175 


Storage Temperature -65 to +200 


Characteristic Symbol Test Conditions Minimuny Typical 
Reverse Breakdown Voltage | BV, I, = 10 pAde Cc 75 


See Figure 1 


Series Inductance 


f=1mc, L~1/16" 


Case Capacitance o.2 | 


B 
Diode Capacitance Cr VR =4 Vdc, f=1me 
MV1870 
MV 1874 
MV1878 
Series Resistance R VR = 4 Vdc, f = 50 mc 
MV1870 
MV1874 
MV1878 
f 
c 


Figure of Merit Vp = 4 Vde, f= 50 me 

MV 1878 
Figure of Merit i ei VR = 60 Vdc, f = 50 mc 700 
Cutoff Frequency Ea Va = 60 Vdc, f =50 mc 


See Figure 1 


Diode Capacitance vs 
Reverse Voltage Slope 

Diode Capacitance 
Temperature Coefficient 


VR 
Lg 
Cc 

Cc 

S 

10] 
To 


‘MV 1870 . 38 .41 . 43 
Vp =4Vde, f=1 me . 43 45 L47 
MV 1874 MV 1878 
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Motorola Voltage-Variable Capacitance Diodes 


mv 1871 


For Specifications, see MV1866 Data Sheet 


C, = 22 pf 
mv 1872 C= 22 p 


foo = 45 Ge 
polarity band on cathode end 
CASE 5] Silicon voltage variable capacitance diode for elec- 
(DO-7) tronic tuning and harmonic generation applications. 


MAXIMUM face (Tc = 25°C unless otherwise noted) 


Reverse Voltage 


Forward Current ee 
RF Power Input (Note 1) Be | 


Device Dissipation @ 1 ee 25°C 
Derate above 25 C 


Device Dissipation @ TQ = 25 C 
Derate above 25 C 


Storage Temperature -65 to +200 


Note 1. The RF power input rating assumes that an adaquate heat sink is provided. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Reverse Breakdown Voltage 


Reverse Voltage Leakage Current 


Series Inductance f = 250 mc, L ~ 1/16" 
Case Capacitance f=1me, L~ 1/16" 


Diode Capacitance Ve = 4 Vdc, f =1 me 


Figure of Merit VR =4Vdc, f= 50 mec 
Ve = 60 Vdc, f = 50 mc 


Cutoff Frequency = 60 Vdc, f = 50 me 


Diode Capacitance Reverse Voltage Slope 
Diode Capacitance Temperature Coefficient 
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Motorola Voltage-Variable Capacitance Diodes 


MV 1872 (continued) 


DIODE CAPACITANCE versus REVERSE VOLTAGE FIGURE OF MERIT versus REVERSE VOLTAGE 


& 
2 . 
= & 
oS = 
5 s 
Ss 3 
S 
& a 
Vp, REVERSE VOLTAGE (VOLTS) Vp, REVERSE VOLTAGE (VOLTS) 
PARALLEL EQUIVALENT FIGURE OF MERIT 
versus FREQUENCY 
a DIODE ADMITTANCE versus FREQUENCY F 
ee a ae fare 7 5x 10 
q 200 z 
o & 
§ 100 3 
¥ 2 
= s0-— =~ sn = = 
| Ses ee a i a = & 
5 ne es es iene am = = 
Bgl an AE . 8 
ag el CO aes i, | jj} & 2 
ae ae a : 
Pe = i 
= , co 
= 50 = 
5 aR = 
2.0 4 Fe 
" a 
1oL__| 
10 20 50 100 200 500 
f, FREQUENCY (me) f, FREQUENCY (me) 


mv 1874 


For Specifications, see MV1870 Data Sheet 
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Motorola Voltage-Variable Capacitance Diodes 


mv 1876 C, = 33 pf 


Vp = 60V 
foo = 45 Ge 


CASE 51 Silicon voltage variable capacitance diode for elec- 
(DO-7) tronic tuning and harmonic generation applications. 


/ polarity band on cathode end 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


Device Dissipation @ T es 25°C 


Derate above 25°C 


Device Dissipation @ To = 25°C 
Derate above 25°C 


Storage Temperature stg 


Note 1. The RF power input rating assumes that an adaquate heat sink is provided. 


ELECTRICAL CHARACTERISTICS (ta = 25°C unless otherwise noted) 


Characteristics 


Reverse Breakdown Voltage In= 10 wAdc . 
Reverse Voltage Leakage Current V_. = 48 Vdc 
vk = 48 Vdc, Ta =75°C 


Series Inductance Le 
Cy VR = 4 Vac, f=1me 29.7 


Case Capacitance 
Diode Capacitance 


Figure of Merit. VR = 4 Vdc, f = 50 mc 200 250 
Vp= 60 Vdc, f = 50 me 700 900 


Cutoff Frequency Ve = 60 Vdc, f = 50 mc 
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Motorola Voltage-Variable Capacitance Diodes 
MV 1876 (continued) 


FIGURE OF MERIT versus REVERSE VOLTAGE DIODE CAPACITANCE versus REVERSE VOLTAGE 


f=1mc 
Ta = 25°C 


ae ee 
J | 
aes 
P| 
= 
alee 
i 
= 
eel 
bea 
ia 


fa eae ae ae 


Q, FIGURE OF MERIT 
Cy, DIODE CAPACITANCE (pF) 


NORMALIZED TO Q'Vp 4V, 10 PELN 

a aes 
ede: ee lled 
Rie eae ee 
1 2 4 6 10 20 40 «60 
Vp, REVERSE VOLTAGE (VOLTS) Vp, REVERSE VOLTAGE (VOLTS) 


eas 2 Min = 
el aes ae, a ee 
ieee Eee r= Fee 
Ones eo 
/| 
[| 


f = 100 mc 


PARALLEL EQUIVALENT 
DIODE ADMITTANCE versus FREQUENCY 


TERGCNGN Hi G EE ES GE 10° 


1000 


100 ee eS ee eee ee oe anes oe Ud 


R,(Y,), REAL PART OF ADMITTANCE (umhos) 
Im(¥p), IMAGINARY PART OF ADMITTANCE (umhos) 
Q, FIGURE OF MERIT 


1.0 1 
10 20 50 100 200 500 
f, FREQUENCY (me) f, FREQUENCY (mc) 


For Specifications, see MV1870 Data Sheet | 


mv 1878 


For Specifications, see MV1866 Data Sheet 
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—— Motorola RF Switching Diodes 


mv 1892 | Ve = 700 V 
|: = 4 Amps 
C; = 2.5 pf 

cathode connected to stud Psw = 500 W 


Silicon diode for switching high-power, RF signals. 
Particularly well suited as a replacement for mechanical 
antenna and coaxial relays. 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


Characteristic 
Reverse Voltage 


Forward Current 
RF Power Switching 
Capability 


Total Device Dissipa- 
tion at or below 
75°C Case 
Temperature 


CASE 49 
(DO-4) 


Above 75°C Derate 
Linearly 


Junction Temperature 
Storage Temperature 


Characteristic Test Conditions 
Reverse Breakdown Volt. = 10 pAdc 


[=> 
Series Resistance In = 100 ma; f = 1 ke Ohms 
(See Note 1) 

eae 


Diode Capacitance VR = 100 Vdc; f = 140 kc 


BIAS PORT 1 
A = 
' 
z BIAS ISOLATION 
E INPUT ag pe OUTPUT 
4 PORT Cm PORT 1 
z ial Mvi892 ISOLATION = 
by CAPACITORS | Guapyt 
S PORT 2 
9 = 
fee 
i 
Xe) 
25 50 15 100 125 150 BIAS PORT 2 
FREQUENCY - mc 
OFF-PORT ISOLATION vs FREQUENCY FOR SPDT SWITCH TYPICAL RF SWITCHING CIRCUIT 


NOTE 1. Laboratory measurements show that Rr at.1 ke is within 15% of Ry at 50 mc. 
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Moforola 4-Layer Diodes 


Vem = 10-12 V 

— seaailserias P le = 500 mA 
olderable Lea V;=1.5V 

Ton = 60 nsec 


ma.2052 
m4.2053 
mM4.2054_ 


Stress Relief “Neck-Down" 


High-Temperature 
Solder Preform 


Epitaxial Silicon Die 


PNPN 4-layer diodes for 
low-voltage switching and 
triggering applications. 


Thermo-Setting Silicone 
Polymer 


CASE 59 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Symbol | Rating | Unit 


Peak Reverse Blocking Voltage VRM(rep) Volts 
M4L2052 
M4L2053 
M4L2054 


Characteristic 


Forward Breakover (Switching) Voltage 
M4L2052 

- M4L2053 

M4L2054 


Forward Breakover (Switching) Current 


Forward Blocking Current 
(Measured at 75% of VipR)F) 


Reverse Blocking Current 
(at rated Vem rep) 


Holding Current 


Forward On Voltage 
(Ip = 500 mAdc) 


Turn On Time 
(at rated VpR)F’ I 


‘Turn Off Time 
(Ip = 100 mA, VF applied = 5 V, Vp applied = 5V, 
dv/dt = 5 V/ usec, typical Ip of units tested = 5 mA) 


p= 1A peak) 


*Time depends on a wide variety of circuit conditions. 
Consult manufacturer for further information. 
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Motorola 4-Layer Diodes 


M4L2052, M4L2053, M4L2054 (continued) 


2 1 = 

s sae (ae a Va Pe ae = 

8 19 in 2 

a See A ee 3 

S 8 aed = 

%  6{~ TYPICAL FORWARD BREAKOVER (SWITCHING) 5 

S VOLTAGE versus TEMPERATURE 2 
4 & 

: ee ee a ee 2 

= 2 z= 

5 = 

= 0 3 

= -40 —25 0 25 30 15 100 

a Ta, AMBIENT TEMPERATURE (°C) T,, AMBIENT TEMPERATURE (°C) 

FORWARD CONDUCTION CHARACTERISTICS LOW LEVEL TYPICAL HOLDING CURRENT versus TEMPERATURE 

10 20 


a Le a 6a em 
aout 


ef 


NET 
NUE 
COCPPrase 


-40 ~—25 0 


I, HOLDING CURRENT (mA) 
o 


ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 


Ta, AMBIENT TEMPERATURE (°C) 


TYPICAL REVERSE BLOCKING VOLTAGE 
versus TEMPERATURE 


0.8 1 1.25 15 175 2.0 


Vp, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 


Vem, REVERSE BLOCKING VOLTAGE (VOLTS) 


HIGH LEVEL 


70 |__| +4, J 
Sn a nce Io 
. ee eee Ta, AMBIENT TEMPERATURE (°C), 
=. 4 eae se ee TYPICAL CAPACITANCE 
e ay. aes versus APPLIED FORWARD VOLTAGE 
= 20 Y 
S es Ge ais 
: Nelo | Alec 
= 10 ‘<a i RS WSO ERIN CESS CNC EEC S 
a eS ESE AE RR EAS! tw 
5 7 ERR: a eeeae ae Fae Soa 2 
= 5 fe st eee ieee ee ee es = 
Es ieee | A a ee a ee ee a = 
: er 
. ee ie: 
2 = 
ae aes a 
| an 
Oi: MM Sy Ae BSS. SS een a0 
ve, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) APPLIED FORWARD VOLTAGE (VOLTS) 
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@®@ Those who are not now con- 
sidering the design of electronic 
equipment using integrated 
circuits are ae cdy behind 


Now Off The Presses — the one indispensible text for 
anyone engaged in the design and applications of in- 
tegrated circuits . .. the one book that covers the entire 
technology, both practically and theoretically. 

Prepared by the engineering staff of Motorola’s 
Semiconductor Products Division, this book is based 
on the celebrated Integrated Circuits Design Course 
presented repeatedly by Motorola, at industry request, 
to the engineering personnel of leading electronic 
equipment manufacturers the world over. 

Nearly a quarter million dollars has been invested 
specifically for developing and up-dating the material 
for this book. It js not a miscellaneous collection of 
individual papers, but rather, a cohesive and well or- 
ganized treatment covering integrated circuit design 
principles from the standpoint of new circuit design 
philosophies and practical production yields. The ef- 
forts which have gone into the Motorola Integrated 
Circuits Design Course, plus the subsequent editing 
that has turned the initial material into a highly read- 
able engineering-level work, easily make Integrated 
Circuits — Design Principles and Fabrication one of 
the most authoritative and comprehensive texts ever 
published in the technical field. 


*C, Lester Hogan, Vice President, Motorola Inc. 
General Manager, Semiconductor Products Division 


For your postage paid copy, send check or pur- 
chase order in the amount of $12.50 per copy to: 
Motorola Semiconductor Products, Inc., Dept. TIC, 
Box 955, Phoenix, Arizona 85001. 
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MOTOROLA INTEGRATED CIRCUITS 


The extensive Motorola integrated circuit line includes a variety of 
digital and linear circuits. In addition to the standard integrated circuit product 
lines described on the following pages, Motorola offers a custom fabrication 
capability that is presently filling many specialized requirements. 


Motorola's integrated circuit fabrication capability includes monolithic 
construction, multi-chip techniques, and Compatible processing in which high- 
quality thin-film components are deposited on passivated silicon wafers. 


e For devices meeting military specifications, see page 1-18. 


e For case outline dimensions, see page 1-26. 
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MOTOROLA DIGITAL INTEGRATED CIRCUITS 


Motorola Digital Integrated Circuits 


Type 
MC300 Series 


MC350 Series 


MC200 Series 


MC250 Series 


USN ME1 Series 


MC 1111 Series 


MC908 Series 


MC400 Series 


Logic 
MECL 


MECL 


DTL 


DTL 


DTL 


DTL 


RTL 


Description 


High-speed current-mode logic series 
operating over a temperature range of 
-55 to +125°C. 


High-speed current-mode logic series 
with an operating temperature range of 
0 to+75°C for commercial applications. 


High-speed, low-power Diode- Transis- 
tor Logic circuits operating over a tem- 
perature range of -55 to +125°C. 


High-speed, low-power Diode- Transis- 
tor Logic circuits with an operating 
temperature range of 0 to +75°C for 
commercial applications. 


High-speed Diode-Transistor Logic cir- 
cuits designed to meet MIL-M-23700/1-8 
(NAVY). 


High-speed Diode-Transistor Logic cir- 
cuits operating over the temperature 
range of -55 to +125°C. 


Milliwatt Resistor-Transistor Logic cir- 
cuits operating over the temperature 
range of -55 to +125°C. 


High-speed Transistor-Transistor Logic 
circuits operating over the temperature 
range of -55 to +125°C. 


MECL MC3QQ series 


MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 


The MECL* series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer. MECL 
circuits combine extremely high speed with a 
systems-oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil- 
ity. The major features of the MEC!. series are: 


@ S5nsec propagation delay per logic decision 


© Virtually constant noise immunity with 
+1096 power supply variation, and tem- 
perature changes from —55° to +125°C 


© Simultaneous ‘''OR’’-‘‘NOR"' or ‘‘'AND"”- 
“‘NAND"’ outputs 


© High fan-in and fan-out capabilities 


The series is comprised of the following 
elements: 


MC301 — A high-speed five-input gate ele- 
ment that provides the positive logic 
“OR" function and its complement si-' 
multaneously. 


MC302 — A DC Set-Reset flip-flop with an 
expandable input and the power dissipa- 
tion of only one gate. 


MC303 — A half-adder that provides the 
“SUM", “CARRY"’, and ‘‘'NOR” func- 
tion simultaneously. 


MC304 — A bias driver that compensates 
for changes in circuit parameters with 
temperature. 


MC305 — A five-input expander for use with 
the MC302 and the MC306, 7. 


MC306,7 — A high-speed expandable three- 
input gate element that provides the 
positive logic '‘OR”’ function and its com- 
plement simultaneously. 


MC308 — A clocked J-K flip-flop for counter 
and shift register applications with DC 
Set and Reset inputs. 


MC309,10,11 — A high-speed dual two- 
input gate element that provides the pos- 
itive logic ‘‘NOR’’ function. 


MC312 — A high-speed dual three-input gate 
element that provides the positive logic 
"NOR" function. 


*Trademark of Motorola Inc. 


Motorola Integrated Circuits 


BASIC MECL CIRCUIT 


Se ees ee ee SY 


LOGICAL “1” = 
—0.75V 
LOGICAL “0” 
—1.55V 
(—) INPUT “NOR” OUTPUT 
“OR” OUTPUT 


(+)INPUT 
Veg = —1.15Vde | 
1 Re 
| 
RE semas a SEE exeany ae 
DIFFERENTIAL EMITTER 
AMPLIFIER 4 FOLLOWERS 


FOR LOGICAL “1” INPUT; “NOR” OUTPUT = —-1.55V 
“OR” OUTPUT = —0.75V 


FOR LOGICALO” INPUT; “NOR” OUTPUT = —0.75V 
“OR” OUTPUT = —1.55V 


MECL — A CURRENT MODE SWITCH 


The typical MECL circuit is designed with a differential 
amplifier input and emitter-follower output to restore dc levels. 
The circuit has been designed to prevent saturation of the 


- input transistors, thus eliminating storage time and allowing 


for high-speed operation with non-critical transistor param- 
eters. High fan-out operation is permitted due to the low im- 
pedance emitter-follower and the high-input impedance of the 
circuit. The basic gate has both the function and its comple- 
ment available simultaneously. Since the current in the differ- 
ential amplifier is switched from one side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straight-forward. A fixed bias of 
—1.15 volts is applied to the (+) input of the differential 
amplifier and the logic signals are applied to the (—) input. 
If a logical ‘‘O” is applied to the (—) input, the current through 
Re is supplied by the fixed biased transistor. A drop of 8300mV 
occurs across Re: The ‘‘OR’”’ output then is —1.55V, or one 
Vse-drop below 800 mV. Since no current flows in the (—) input 
transistor, the ‘‘NOR” output is a Vs-drop below ground, or 
—0.75 volts. When a logical ‘‘1’’ level is applied to the (—) 
input, the current through Re: is switched to the (—) input 
transistor and a drop of 800mV occurs across Re. The “OR” 
output then goes to —0.75 volts and the ‘‘NOR’’ output goes 
to —1.55 volts. 

A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature. 
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MC300 MECL series (continued) 


10 PIN TO-5 12 PIN TO-5 
(MC312G ONLY) 
CASE 71 CASE 98 


FAMILY CHARACTERISTICS 


The following information applies to. all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 


ABSOLUTE MAXIMUM RATINGS etas:c) 


Characteristics 


Logic Input Voltage 


Power Supply Voltage 


Output Source Current 


Operating Temperature Range 


Storage Temperature Range 


Motorola Integrated Circuits 


LEP 


10 PIN FLAT PACKAGE 14 PIN FLAT PACKAGE 


(MC312F ONLY) 


CASE 83 CASE 72 


designed. All performance curves are based 
on distributional spreads and the minimum- 
maximum ranges can be interpreted for design 
purposes as 1096-90% spreads at all points on 
the curve except for guaranteed points on the 
electrical characteristics. 


Any one of the supply nodes, Vas, Vcc, 
or Vee may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vcc node. In 


such a case: 
Vee =O Va = —1.15V Ve=—5.2V 


SYSTEM LOGIC SPECIFICATIONS 


The output logic swing of 0.8V then 
varies from a low state of Vi = —1.55V 
to a high state of Vu = —0.75V with 
respect to ground. 

Positive logic is used when reference is 
made to logical ‘‘0’s” or ‘‘l’s’’. Then 


ae ss oo typical 


Dynamic logic refers to a change of 
logic states. Dynamic ‘‘0”’ is a negative 
going voltage excursion and a dynamic 
“1” is a positive going voltage excur- 
sion. 


Moforola Integrated Circuits 


MC300 MECL series (continued) 


DC CHARACTERISTICS FOR MC300 SERIES 


WORST CASE TRANSFER CHARACTERISTICS DEFINITION OF TRANSFER CHARACTERISTIC POINTS 


e;, (VOLTS) 
1.2 10 08 


805 "S 


Cout (VOLTS) 


ein (VOLTS) 
18 16 14 12 10 O08 06 04 0.2 0 18 16 14 83612 ~=10 0.8 0.6 0.4 0.2 0 


Cout (VOLTS) 


mn 0° oreo 'e' 


300 


1 
Reae Pr 400 
= 
scale v Le 
PO ate 
ee f TIT 
5 8 5 6 


—55 -55 -35 —15 
TEMPERATURE (°C) TEMPERATURE (°C) 


Bee! 


200 


NOISE MARGIN (mVdc) 
NOISE MARGIN (mVdc) 


5 85 105-125 
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MC300 MECL series (continued) 


MCc304 
BIAS DRIVER 


Motorola Integrated Circuits 


Atemperature compensating regulator intended 

for use in conjunction with the MOTOROLA MC300 
‘‘MECL” series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 

of ‘‘MECL”’ logic systems over a temperature 


range of —55°C to +125°C. 


ELECTRICAL CHARACTERISTICS 


Fan-Out 


Output Voltage Va, = 0, 


cc 7% Ver = -5.2 Vde +1% 


(No Load to Full Load) Tout = 0 to 2.5 mAdc 


Power Dissipation Voc = 9, Veg = -5.2 Vde * 1% 


CIRCUIT SCHEMATIC 


Ves 
REGULATED 
OUTPUT 


Vdc 


mW 


CIRCUIT DESCRIPTION 


Circuit Operation: 

The divider network R,, R:, D,, D: compensates for tem- 
perature variations of the base-emitter voltages of Q,, and of 
the driven gates, producing a bias voltage for the MECL logic 
circuits that maintains a constant set of dc operating condi- 
tions over the temperature range of —55°C to +125°C. In 
addition, compensation for power supply variations is 
achieved, since the bias output voltage is derived from the 
system supply. 

Either of the supply voltage nodes may be used as ground, 
however the ground potential of the bias driver must coincide 
with that of the logic system. Thus, if Vcc is grounded in the 
logic system, then — 


Vee = 0; Vee = —5.2V; 
Ves = —1.15 nominal output voltage at 25°C 


MC300 MECL series (continued) 


MC301, MC306, MC307, MC3O9 thru MC312 


LOGIC GATES 
CIRCUIT SCHEMATICS 


MC301 5-INPUT 


MC306/MC307* 3-INPUT 


ee 


MC309 DUAL “NOR” MC310 DUAL “NOR” 


*Resistors Ro are omitted in MC307 cir- 
cuits to permit reduction of Power Dissi- 
pation in systems where logic operations 
are performed at circuit outputs. 


EXAMPLE : where (n) gates are to perform 
an "OR" function, one MC306 gate and 
(n-1) MC307 gates can be used to provide 
savings of Power Dissipation in (n-1) gates. 


**Pins 9 and 10 are for use in conjunction 
with the MC305 input expander to in- 
crease the fan-in capability in increments 
of five. 


***To be supplied from bias-driver circuit 
MC304 for optimum temperature stability. 


NOTE: Any unused inputs can normally be 
left open-circuited. In cases where there 
may be external leakage to the unused in- 
puts they should be connected to V¢¢. 
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LOGIC SPECIFICATIONS 


POSITIVE LOGIC 
When’Vu is defined as a logical ‘‘1’’ and V. as 
a logical ‘‘0” the ‘‘OR'’/‘‘NOR”’ function is 
performed: 
Single Gate 
F= “NOR”=A+B+C+D+E 
G=“OR"=A+B+C+0+E 


Dual Gate Sets 


(x me | 
=D. ae 


H= “NOR”=D+E+F 


NEGATIVE LOGIC 
Inversely, when Vu is defined as a logical ‘‘0” 
and V. as a logical ‘‘1" the ‘““AND’’/“‘NAND” 
function is performed: 
Single Gate 
F=“NAND"=A°BeCeDeE 


G=“AND"=A*B*eCeDe FE 


Dual Gate 
Ci—_s 1 


G=“NAND”=A* B eC 


| 
| 
| eee 
=H phn -nor—3 -E °F 
J 


MC311 DUAL “NOR” 
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MC300 MECL series (continued) 
LOGIC GATES (CONTINUED) 


DC ELECTRICAL CHARACTERISTICS — Vec=0.vi#—52 Volts, (a =1%), Vir = -1.25 Vee @ 55°C 


Ves # —1.15 Vdc @ +25°C 
Vip = —1.00 Vdc @ +125°C 


Conditions 


Total Unit Power Supply All inputs open 
Current Drain MC301, MC306 
MC307 
MC309, MC310, MC312 
MC311 


Input Current Vimin @ 25°C 


Fan-In 


Fan-Out 


“NOR" OUTPUT -— All Types 


“NOR”’ Logical ‘‘1’’ Output Each Input: 


Voltage V7 71-45 Vde @ -55°C 
Vin = -1.35 Vde @ +25°C 
Vin = -1.30 Vde @ +125°C 


‘‘NOR"' Logical ‘‘O’’ Output 
Voltage 


Each Input: 
Vin = -0.925 Vde @ -55°C 

-0.795 Vde @ +25°C 

-0.655 Vdc @ +125°C 


‘“‘NOR’’ Saturation Breakpoint 
Voltage 


dv (NOR) 
dVin 


“‘NOR’’ Output Voltage Change 
(No load to full load) 


All inputs open 
No load = 0 current at pin 5 
Full load = 2.5 mAde 15% at pin 5 


t 


“OR” OUTPUT — Types MC301, MC306, MC307 only 


‘‘OR’’ Logical ‘‘1’’ Output 
Voltage 


Each Input: 
Vin = 70.925 Vde @ -55) Cc 
Vin = -0.795 Vde @ +25°C 
Vin = -0.655 Vde @ +125°C 


“OR’’ Logical ‘‘O’’ Output Each Input: 
Voltage Vin = ~1.45 Vde @ ~559C 
Vin = 1.35 Vde @ +25° c 
Vin = -1.30 Vde @ +125°C 


Transition Region Slope V (OR) Between: 
-1.450 Vdc and -1.050 Vdc @ -550C 
-1.350 Vdc and -0.950 Vde @ +25 C 


-1.220 Vdc and -0.820 Vdc @ + 125°C 


“OR’’ Output Voltage Change 
(No load to full load) 


No load = 0 current @ pin 1 
Full load = 2.5 mAdce + 5% at pin 1 
= 0.925 Vdc, @ ~55°C 
0.795 Vdc, @ +25 -C 
0.655 Vdc, @+ 125°C 


= 
s 
I 


< 
a) 
uit 


Ig (0.02 mA/DIV) 
leut (0.5 mA/DIV) 


iB CONDUCTION 
1/175 Ko REGION. 
im TRANSITION ff 
REGION 
1.6 14 12 1.0 08 0.6 
e;, (0.1 V/DIV) ° @out (0.1 V/DI) 
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Motorola Integrated Circuits 


MC300 MECL series (continued) 


LOGIC GATES (CONTINUED) 
SWITCHING CHARACTERISTICS Vec = 0, Veg = ~5.2 Volts, (all = 196) Vos = —1.25 Ve, Vin = —0.870 Vde, V, = —1.650 Vde @ - 55°C 


‘ r - Vas = —1.15 Vde, Vi = —0.750 Vde, V, = ~1.550 Vde @ +25°C 
The stray capacitance introduced by the test jig was Vis = ~1.00 Vdc, Vi = ~0.600 Vdc, V, = —1.450 Vde @ +125°C 
Cs, x (n + 12) pf where n = number of fan-outs. 


rr a es 


MC301 
Propagation Delay 
““NOR’’ Output 
“OR’’ Output 
‘‘NOR’’ Output 
“OR’’ Output 

Rise Time 
“‘NOR’’ Output 
“‘OR’’ Output 


Fall Time 
“‘NOR’’ Output 


“OR’’ Output 


Propagation Delay 
‘“‘NOR’’ Output 


“OR’’ Output 
“NOR”? Output 
“OR’’ Output 


Rise Time 
“‘NOR’’ Output 
“‘OR’’ Output 


Fall Time 
“NOR’’ Output 


“OR’’ Output 


Fan-In 
Fan-In 


Fan-In 
Fan-In 


Fan-In 
Fan-In 


Fan-In 
Fan-In 
Fan-In 


Fan-In 


Fan-In 


Fan-In 


1, Fan-Out = 1 


1, Fan-Out 


1, Fan-Out 
1, Fan-Out 


1, Fan-Out 
1, Fan-Out 


1, Fan-Out 
1, Fan-Out 


1, Fan-Out 


1, Fan-Out 


1, Fan-Out 


1, Fan-Out 


1, Fan-Out 
1, Fan-Out 


1, Fan-Out 
1, Fan-Out 


1, Fan-Out 
1, Fan-Out 


1, Fan-Out 
1, Fan-Out 


1, Fan-Out, = 


1, Fan-Out 


1, Fan-Out 


1, Fan-Out 


MC309, MC310, MC311 — ‘‘NOR’’ 


Propagation Delay 
Either Output 


Either Output 


Rise Time 
Either Output 


Fall Time 
Either Output 


SWITCHING TIME TEST CIRCUIT PROPAGATION DELAY RISE AND FALL TIME 
ie UNIT UNDER TES ae | 
Ci. a F 10 TEKTRONIX " — a 90% 
’ rr 99 i% 
500 ! OR EQUIVALENT oF 10% 
t 
te a! =| j= tae ty t, 
0 —5.2¥ MC306 eer | M0306 
pelea ae he 
(- ’ 
INPUT PULSE t, AND t, < 6 nsec ~ = po} 50% 
; Le The fan-in is obtained with MC305 
| a input expanders, with all but the 
=a yo ta2 driven input connected to - -1.550V. 
aus 
-1+ 40 


Fan-In = 1, Fan-Out 
Fan-In = 1, Fan-Out 


Fan-In = 1, Fan-Out 
Fan-In = 1, Fan-Out 


Fan-In = 1, Fan-Out 


Fan-In = 1, Fan-Out 
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Motorola Integrated Circuits — 


(continued) 


ies 


MC300 MECL ser 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 


(10% to 90% distribution) 


“NOR” OUTPUT 
MC301 


55°C ee 


pstmt teas asain 
+125°C 


BERR i 
aaa 


AAW 


ptt Wh I, 
BRENie 


BRRAE 
ttt 


i=] iJ c—J Oo oO i=] o 
wo red -_ 


(92SU) AV130 NOLLYOVdOud ‘173 


n, auc? 


(988u) A130 NOLLWOVdOud “*F3 


n, FAN-OUT 


CoH i. eaemnit 
SEE eee 


(99Su) WIL 3S18 “4 


n, FAN-OUT 


(98SU) WIL TIvd 4 


n, FAN-OUT 
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MC300 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 


(10% to 90% distribution) 


_ _MC306, MC307, MC303 “SUM” 


(98SU) AY130 NOLLW9WVdOUd *'P3 


(28Su) AWT30 NOILV9VdOUd '2P3 


(9asu) 3WIL 3S14 “4 


(988u) JWiL TIv4 4 


~ 

= 

on 
iF 4 
= = — = Ss Ss 
>o 2 2 3 3 
o3 z z = = 
at ra ra ~ = 
\— ry c Pa e < 
r 4 
>= A 

o 

= 

L 

1 i 

3 a8 

++ 
— 

= i _ 
= 3 3 3 3 
Ld z z= = = 
3 = = = = 
Ps < < eS 
[- 4 
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Motorola Integrated Circuits 


MC300 MECL series (continued) 


LOGIC GATES (CONTINUED) 


ty, PROPAGATION DELAY (nsec) 


ta2, PROPAGATION DELAY (nsec) 


t., RISE TIME (nsec) 


ts FALL TIME (nsec) 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


ry) R” 
MC309, MC310, MC311 
and MC303 “NOR” and “CARRY” 


n, FAN-OUT 
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TYPICAL SWITCHING TIME VARIATIONS 
MC306 


SUPPLY VOLTAGE VARIATION 


t, TIME (nsec) 


wel | | {| 1. | _ 


= = 95° C 
Me OUTPUT 


0 5.2 5.3 . . 
—Vee, POWER SUPPLY VARIATION (VOLTS) 


FAN-IN VARIATION 


t, TIME (nsec) 


m, FAN-IN 


LINE DRIVER APPLICATION 


t, TIME (nsec) 


10 15 
n, FAN-OUT 


OUTPUT WIRED “OR” FUNCTION 


t, TIME (nsec) 


2 4 6 
COMMON OUTPUT EMITTERS (MC307’s) 
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MC300 MECL series (continued) 


MCs 


HALF-ADDER 


® Provides the ‘‘SUM,"’ “CARRY,” and ‘‘'NOR”’ Outputs 
for Use in Digital Computer Circuits over a Temperature 
Range of —55°C to +125°C. 


e Average Propagation Delay —6 nsec 


CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 


“SUM” = AB + AB 
“CARRY” = AB 
“NOR” = AB 


The “NOR” and “CARRY” outputs can be 


tied together to provide the “SUM” function. 

lf complement inputs are not used an un- 
defined state can occur. When all inputs are 
at a logical ‘0’’ Re, has two R; currents which 
saturates the Ve: transistor. The ‘‘SUM”’ out- 
put goes to —2.3 Volts. The recovery time 
characteristics are shown in the curve below. 


RECOVERY CHARACTERISTICS WITH SIMULTANEOUS “0” SWITCHING TIMES TEST CIRCUIT 


t,, RECOVERY TIME (nsec) 


OW ALL INPUTS 


2N709 UNIT UNDER TEST =, NOR” 


j 
 spupelaete 9 7 


TO 
F TEKTRONIX 
567 OR 
_ESvIVALENT 


IB 
oe A 
Lob=d | 
0 —5.2V MC306 : 
OSCILLOSCOPE +} 
Bsa es . n 
ON K V;, = —0.750 Vde +4 jo 
! 
let yo 
33 
| AO 
PROPAGATION RISE AND 
DELAY TIME FALL TIMES 
; “CARRY” OUTPUT & 
§0 “SUM” €o (“‘NOR” & “CARRY”) “NOR” OUTPUT 
90% 
PINS 7 & 9 ARE LOGICAL “0” 50% 
PINS 8 & 10 ARE TIED TOGETHER TO r 10% 
PULSE GENERATOR OUTPUT _ 
I . n ts ta2 ts “SUM” t, “SUM 
t, “NOR” ty “NOR” 
WAVEFORM AT INPUT OF “SUM” OUTPUT 


GATE UNDER TEST 


70 100 200 300 500 700 1000 
(RISE TIME = 10% to 90% POINT OF POSITIVE GOING WAVEFORMS. 
PW, PULSE WIDTH (nsec) FALL TIME = 90% to 10% POINT OF NEGATIVE GOING WAVEFORMS.) 
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Moforola Integrated Circuits 


MC300 MECL series (continued) 


HALF-ADDER (CONTINUED) 


ELECTRICAL CHARACTERISTICS vya-s2vac =1%, Vec #0 Vu = 1.25 Vie @ -55°C 
Vas = —1.15 Vde @ +25°C 
Ves = ~—1.00 Vdc @ +125°C 


DC CHARACTERISTICS 


“NOR” Logical ‘1’ Each Input: 
Output Voltage Vin = -1.450 Vde @ -55°C 
Vin = -1.350 Vde @ +25°C 
Vin = ~1.300 Vde @ +128°C 


“NOR’’ Saturation av ‘“‘NOR’’/dv;,, = 0 for all test temperatures 
Breakpoint Voltage 


“NOR” Logical “‘0’’ Each Input: 
Output Voltage Vin ™ -0.925 Vdc @ -55°C 
Vin = -0.795 Vdc @ +25°C 
Vin = 0.655 Vde @ +125°C 


“SUM” Logical ‘1”’ Each Input: 
Output Voltage Vin = -0.925 Vde @ -55°C 
Vin = -0.795 Vde @ +25°C 
Vin = -0.655 Vde @ +125°C 


“SUM”’ Logical “0” Each Input: 
Output Voltage Vin = -1.450 Vde @ -55°C 
Vin = ~1.850 Vde @ +25°C 
Vin = -1.300 Vde @ +125°C 


Transition Region Slope Between: 


Vagym”’ 
Vagym’’ 
Vugymy? 


“CARRY’’ Logical ‘‘1” Each Input: 
Output Voltage Vin = 71.450 Vde @ -55°C 
Vin = 71.350 Vdc @ +25°C 
Vin = -1.300 Vde @ +125°C 


“CARRY”’ Logical ‘‘O”’ Each Input: 
Vin = ~0.925 Vde @ -55°C 
Vin = -0.795 Vdc @ +25°C 
Vin = -0.655 Vdc @ +125°C 


“CARRY’’ Saturation dv “CARRY’’/dv;, = 0 for all test temperatures 
Breakdown Voltage = ' 


-1.050 and -1.450 Vdc @ -55°C 
~0.950 and -1,350 Vdc @ +25°C 
~0.820 and -1.220 Vdc @ +125°C 


Total Unit Power Supply All Inputs Open 
Current 


LOADING CHARACTERISTICS 


“NOR’’ Output Voltage Change All Inputs open 
Between No Load and Full No load = 0 current (pin 5) 
Load Conditions Full load = 2.5 mAdc (pin 5) 


“CARRY”’’ Output Voltage All inputs open 
Change Between No Load No load = 0 current (pin 6) 
and Full Load Conditions Full load = 2.5 mAdc (pin 6) 


“SUM”’ Output Voltage Change No load = 0 current (pin 4) 
Between No Load and Full Full load = 2.5 mAdc (pin 4) 
Load Conditions Input (pin 9): 

Vin = -0.925 Vde @ -559C 
Vin = -0.795 Vde @ +25°C 
Vin = -0.655 Vdc @ + 125°C 


SWITCHING CHARACTERISTICS Vi, = -0.870 Vdc, V, = —1.650 Vde @ —55°C 


The stray capacitance introduced by the test jig was Vy = —0.750 Vdc, V, = —1.550 Vdc @ +25 
C; = (n + 12) pf where n = number of fan-outs. Vi = -0.600 Vdc, V, = —1.450 Vde @ +125°C 


Propagation Delay Time 
“SUM?’’ Output 
“NOR’’ Output 
“CARRY” Output 


“SUM”? Output 
“NOR” Output 
“CARRY” Output 


Rise Time 
“SUM’’ Output Fan-In = 1, Fan-Out = 1 
“NOR’’ Output Fan-In = 1, Fan-Out = 1 
“CARRY’’ Output Fan-In = 1, Fan-Out = 1 


Fall Time 
“SUM”’ Output 
“NOR”’ Output 
“CARRY’”’ Output 
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Motorola Integrated Circuits 
MC300 MECL series (continued) 


FLIP-FLOPS 


MCcs302 e Performs the Binary Function of ‘'Q”’ and ''Q"’ 


DC R-S FLIP-FLOP Outputs at High Speeds over a Temperature 
Range of —55°C to +125°C 


CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 


3 
O Voc 


When Vu is defined as a logical ‘*1’’ and Vi 
as a logical ‘‘0’’, the function is as follows: 


NOTE: Any unused inputs can normally be left open-circuited. In cases where there 
may be external leakage to the unused inputs they should be connected to Viz. 


MCc3O0SsS e Performs the Single Phase Binary Function of ‘'Q”’ 


J-K FLIP-FLOP and ‘'Q"” Outputs at High Speeds over a Temperature 
Range of —55°C to +125°C 


LOGIC SPECIFICATIONS 


CIRCUIT SCHEMATIC 


When Vu is defined as a logical ‘'1"’ and Vi 
as a logical ‘‘O’’, the function is as follows: 


Clocked JK Operation 


The Js and Ks inputs refer to logic levels 
while the Co input refers to dynamic logic 
swings. The Js and Ks inputs would be 
changed to a logical “1” only while the Co 
input is in a logic ‘'1"’ state. 


? Set-Reset operation is the same as the 
NOTE: Any unused inputs can normally be left open-circuited. In cases where there MC302 


may be external leakage to the unused inputs they should be connected to Vee. 
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Motorola Integrated Circuits 


MC300 MECL series (continued) 


FLIP-FLOPS (CONTINUED) 


ELECTRICAL CHARACTERISTICS Ve = -5.2 Vde +1%, Vec = 0 


(These characteristics apply to both the MC302 R-S Flip-Flop 
and the MC308 J-K Flip-Flop) 


ee 


DC CHARACTERISTICS 


“Q” or “Q” Logical Cs eg Output 
Voltage 


Each Input:(Set Input for Q, Reset Input for Q) 
Vin =-1.45 Vde @ -55°C 
Vin =-1.350 Vde @ 25°C 
Vin =-1.30 Vde @ +125°C 


“Q” or “‘Q’’ Logical ‘0’? Output 
Voltage 


Each Input: (Set Input for Q, Reset Input for Q) 
Vin = 71.45 Vde @ -55°C 
Vin = 71-350 Vde @ 25°C 
Vin = 71.30 Vde @ +125°C 


“Q” or ‘“‘Q”’ Saturation 


dv “Q”'/dVin = 0; dv "Q"/av. =0 
Breakpoint Voltage 


“Q” or “‘Q”’ Latch Voltage AV}/dVin = © 


Total Power Supply Current 
Drain (MC302) 


Ali Inputs Open 


Total Power Supply Current 
Drain (MC308) 


All Inputs Open 


LOADING CHARACTERISTICS 


“Q’’ Output Voltage Change All Inputs Open, measured between no load Vdc 

and full load 

No load ~ 0 current (pin 5) 

Full load = 2.5 mAdc t 5% (pin 5) 
Vin (pin 6) = -0.925 Vdc @ -55°C 
Vin (pin 6) = -0.795 Vde @ 25°C 


Vin (pin 6) = -0.655 Vdc @ +125°C 


“Q’’ Output Voltage Change All Inputs Open, measured between no load and full Vdc 
load. V. at pin 10 for MC302, pin 1 for MC308 
No load - 0 current (pin, 4) 

Full load = 2.5 mAdce ~5% (pin 4) 

-0.925 Vdc @ -55°C 

-0.795 Vde @ 25°C 


-0.655 Vde @ +125°C 


now u 


Output Voltage at Max I, Set ‘‘Q’’ to upper state: A Vdc 
Vin (pin 6) = -0.925 Vdc @ -55°C 
Vin (pin 6) = -0.795 Vde @ 25°C 
Vin (pin 6) = -0.655 Vdc @ +125°C 

Remove Vin. Then Input = 
160 pAde 71% @ -55°C 
100 pAde 41% @ 25°C 
90 wAde 11% @ +125°C 


MC302: 


Pin 4 (Q’’) 
Pin 5 (*Q’’) 
Pin 4 (‘‘Q’’) 
Pin 5 (°Q’’) 


2. Pin 6 | Pin 5 (‘‘Q’’) 


TRANSFER CHARACTERISTICS 


—1.350V en 


“qe 


“gr 


au ” UNIT 
NOR" UNDER 
G TEST 


‘out 0 Wes 


*FOR ‘'Q’’ TESTS REVERSE ‘‘S’’ & ‘‘R” CONNECTIONS 


11-17 


Motorola Integrated Circuits 


MC300 MECL series (continued) 
FLIP-FLOPS (CONTINUED) 
MC302 


SWITCHING CHARACTERISTICS Vec = 0, Vig = ~5.2 Volts, (all 1%), Vi = 0.870 Vac, V, = -1.650 Vdc @ -55°C 


s Vu = —0.750 Vde, V, = —1.550 Vd +25° 
The stray capacitance introduced by the test jig was Va = —0.600 Vdc, vi =—-1.450 Vide bs te 
Cs; = (n + 12) pf where n = number of fan-outs. 


Propagation Delay Time Either Output (Fan-In = 1, Fan-Out = 1) 
Either Output (Fan-In = 1, Fan-Out = 1) 


Rise Time Either Output (Fan-In = 1, Fan-Out = 1) 


Fall Time Either Output (Fan-In = 1, Fan-Out = 1) 


SWITCHING TIME TEST CIRCUIT SWITCHING TIME TEST PROCEDURE 
PW PW 
100 nsec 100 nsec 
max max 
INPUT TO SET Cins 
TO TEKTRONIX 567 t, = 6 nsec + DELAY 20 nsec min 
OR EQUIVALENT 
INPUT TO RESET Cink 


MC306 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


55°C ee ee ee meee mee 
+25°C —— © am © amp ¢ am 6 ame 
+125°C 


ta,, PROPAGATION DELAY TIME (nsec) 
tas, PROPAGATION DELAY TIME (nsec) 


3 3 
& £ 
= = 
= — 
[ee ad 
@ = 
n, FAN-OUT n, FAN-OUT 
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— Motorola Integrated Circuits 


MC300 MECL series (continued) 
FLIP-FLOPS (CONTINUED) 


MC308 


SWITCHING CHARACTERISTICS Vcc = © Ve = —5.2 Volts, (all +1%), Vi = -0.870 Vdc, V, = —1.650 Vdc @ -55°C 


Vu = —0.750 Vde, V, = —1.550 Vde @ +25°C 
The stray capacitance introduced by the test jig was Vu = —0.600 Vdc, V, = —1.450 Vdc @ +125°C 
Cs; = (n + 12) pf where n = number of fan-outs. 


a a 
[| min | max | min | max_| |_max_| 


Propagation Delay Time Either Output (Fan-In = 1, Fan-Out = 1) 
Either Output (Fan-In = 1, Fan-Out = 1) 


Rise Time Either Output (Fan-In = 1, Fan-Out = 1) 


Fall Time Either Output (Fan-In = 1, Fan-Out = 1) 


SWITCHING WAVEFORMS SWITCHING TIME TEST CIRCUIT 


i t, = 6 nsec 


TO TEKTRONIX 567 
OR EQUIVALENT 


INPUT 


EITHER OUTPUT 


EITHER OUTPUT 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


-5°C— — — — 


+25°C — com + am + aw + owe 


+125°C 


tar, PROPAGATION DELAY TIME (nsec) 
tas, PROPAGATION DELAY TIME (nsec) 


F Fa 
a a 
= = 
- — 
had _ 
2 = 
n, FAN-OUT n, FAN-OUT 
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——— Motorola Integrated Circuits - 


MC300 MECL series (continued) 


MCcs3OS 
GATE EXPANDER 


Designed primarily for use in conjunction 
with the MOTOROLA MC306 and 

MC 307 '‘MECL”’ 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five. 


ELECTRICAL CHARACTERISTICS 


Base Leakage Current Vig = 2.0 Vdc, Voc = 0, 
Vpp = ~5.2 Vde 


Input Voltage Vop = 0.7 Vdc, Vp = 0, 0.810 | 0.870 | 0.680 0.720 | 0.490 
Ip = -1.33 mAdec 


Collector Leakage Current Voc = -2 Vdc, V,,,, = 0.3 Vdc (all inputs), 


View 70 


SWITCHING CHARACTERISTICS (See page ) 


Propagation Delay 


BE 


Rise Time 


Fall Time 


Cin 0 
ay eee 


e 
~5.2V —5.2V 


CIRCUIT SCHEMATIC AND INTERCONNECTION TO MC306 3-INPUT GATE 
MC305 


MC305 ; MC306 
GATE EXPANDER 3-INPUT GATE 


NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con- 
nected to Ve. 
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MECL MC39Oseries 


The MECL* series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer. MECL 
circuits combine extremely high speed with a 
systems-oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil- 
ity. The major features of the MECL series are: 


e Snsec propagation delay per logic decision 


e Virtually constant noise immunity with 
+1096 power supply variation, and tem- 
perature changes from O to +75°C 


e Simultaneous ‘‘OR'’’-''NOR”' or “‘AND"- 
“‘NAND”" outputs 


e High fan-in and fan-out capabilities 


MECL* integrated circuits are used in various 
combinations to provide such intermediate sys- 
tem blocks as adders, counters, shift registers, 
decoders, multivibrators, etc. They provide a 
line of monolithic computer circuits designed 
analytically and practically to meet the stringent 
demands of the most advanced computer sys- 
tems. The series is comprised of the following 
elements: 


MC351 — A high-speed five-input gate ele- 
ment that provides the positive logic 
“OR” function and its complement si- 
multaneously. 


MC352 — A DC Set-Reset flip-flop with an 
expandable input and the power dissipa- 
tion of only one gate. 


MC353 — A half-adder that provides the 
“SUM”, CARRY”, and ‘'NOR’' func- 
tion simultaneously. 


MC354 — A bias driver that compensates 
for changes in circuit parameters with 
temperature. 


MC355 — A five-input expander for use with 
the MC352 and the MC356,7. 


MC356,7 — A high-speed expandable three- 
input gate element that provides the 
positive logic ‘‘OR"’ function and its com- 
plement simultaneously. 


MC358 — A clocked J-K flip-flop for counter 
and shift register applications with DC 
Set and Reset inputs. 


MC359,60,61 — A high-speed dual two- 
input gate element that provides the pos- 
itive logic ‘‘'NOR’’ function. 


MC362 — A high-speed dual three-input gate 
element that provides the positive logic 
“‘NOR" function. 


Motorola Integrated Circuits — 
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- BASIC MECL CIRCUIT 


LOGICAL "1" = 
--0.75V 
LOGICAL “0” = 
—1.55V 

(—) INPUT © “NOR” OUTPUT 


“OR” OUTPUT 


(+)INPUT © 
Veg = —1.15 Vde 


DIFFERENTIAL EMITTER 
AMPLIFIER 4 FOLLOWERS 
Veg = —5.2V 


FOR LOGICAL "1" INPUT; “NOR” OUTPUT =: —1.55¥ 
“OR” OUTPUT =. —0.75V 


FOR LOGICAL"*O" INPUT; “NOR" OUTPUT - —0.75V 
“OR” OUTPUT = —1.55V 


MECL — A CURRENT MODE SWITCH 


The typical MECL* circuit is designed with a differential 
amplifier input and emitter-follower output to restore dc levels. 
The circuit has been designed to prevent saturation of the 
input transistors, thus eliminating storage time and allowing 
for high-speed operation with non-critical transistor param- 
eters. High fan-out operation is permitted due to the low im- 
pedance emitter-follower and the high-input impedance of the 
circuit. The basic gate has both the function and its comple- 
ment available simultaneously. Since the current in the differ- 
ential amplifier is switched from one side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straight-forward. A fixed bias of 
—1.15 volts is applied to the (+) input of the differential 
amplifier and the logic signals are applied to the (—) input. 
If a logical “‘O"”’ is applied to the (—) input, the current through 
R: is supplied by the fixed biased transistor. A drop of 800mV 
occurs across Re:. The ‘‘OR" output then is —1.55V, or one 
Vee-drop below 800 mV. Since no current flows in the (—) input 
transistor, the ‘“‘NOR” output is a Vs-drop below ground, or 
—0.75 volts. When a logical ‘‘1’’ level is applied to the (—) 
input, the current through Re: is switched to the (—) input 
transistor and a drop of 800mV occurs across Re. The “OR” 
output then goes to —0.75 volts and the ‘“‘NOR”’ output goes 
to —1.55 volts. 

A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature. 


*Trademark of Motorola Inc. 


MC350 MECL series (continued) 


10 PIN TO-5 12 PIN TO-5 
(MC362G ONLY) 
CASE 71 CASE 98 


FAMILY CHARACTERISTICS 


The following information applies to all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 


ABSOLUTE MAXIMUM RATINGS atzs-o 


Characteristics 
Logic Input Voltage 


Power Supply Voltage 
Output Source Current 


Operating Temperature Range 


Storage Temperature Range 


Motorola Integrated Circuits ——— 


10 PIN FLAT PACKAGE 14 PIN FLAT PACKAGE 


(MC362F ONLY) 


CASE 83 CASE 72 


designed. All performance curves are based 
on distributional spreads and the minimum- 
maximum ranges can be interpreted for design 
purposes as 109%-90% spreads at all points on 
the curve except for guaranteed points on the 
electrical characteristics. 


-40 to +150 


Any one of the supply nodes, Vss, Vcc, 
or Va may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vcc node. In 


such a case: 
Vee O Vex —1.15V Ve=—5.2V 


SYSTEM LOGIC SPECIFICATIONS 


The output logic swing of 0.8V then 
varies from a low state of V, = —1.55V 
to a high state of Vu = —0.75V with 
respect to ground. 

Positive logic is used when reference is 
made to logical ‘‘O’s’’ or ‘‘1’s’’. Then 


ane = heey) typical 
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Dynamic logic refers to a change of 
logic states. Dynamic ‘‘0”’ is a negative 
going voitage excursion and a dynamic 
“1” is a positive going voltage excur- 
sion. 


MC350 MECL series (continued) 


Motorola Integrated Circuits 


DC CHARACTERISTICS FOR MC350 SERIES 


WORST CASE TRANSFER CHARACTERISTICS 
e;, (VOLTS) 
18 = 16 142008 


06 0.4 


0.2 0 


Cour (VOLTS) 


ein (VOLTS) 


18 16 14 12 


Cour (VOLTS) 


-DEFINITION OF TRANSFER CHARACTERISTIC POINTS 


pan ] 350 Cin 


—0.795 


e;, (VOLTS) 


16 14 12 1.0 0.8 0.6 


Cour (VOLTS) 


WORST CASE NOISE MARGIN 


400 


val ee 


> —— se ——— 


300 


“0” FAN-OUT = 1-25 


NOISE MARGIN (mVdc) 
nO 
i 
NOISE MARGIN (mVdc) 


TEMPERATURE (°C) 
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400 


TEMPERATURE (°C) 


: Motorola Integrated Circuits 


MC350 MECL series (continued) 


MC354 
BIAS DRIVER 


A temperature compensating regulator intended 

for use in conjunction with the MOTOROLA MC350 
‘‘MECL”' series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 

of ‘‘'MECL”’ logic systems over a temperature 
range of 0 to +75°C. 


ELECTRICAL CHARACTERISTICS 


Ou‘put Voltage Voc = 0, Veg = -5.2 Vde = 1%, 
(No Load to Full Load) Input = 0 to 2.5 mAdec 


Power Dissipation Voc = 9, Vig = -5.2 Vde * 1% 


CIRCUIT SCHEMATIC CIRCUIT DESCRIPTION 


Circuit Operation: 

The divider network Ri, R:, D:, D, compensates for tem- 
perature variations of the base-emitter voltages of Q,, and of 
the driven gates, producing a bias voltage for the MECL logic 
circuits that maintains a constant set of dc operating condi- 
tions over the temperature range of 0 to +75°C. In addition, 
TEST compensation for power supply variations is achieved, since 
the bias output voltage is derived from the system supply. 
Ves Either of the supply voltage nodes may be used as ground, 
REGULATED however the ground potential of the bias driver must coincide 

OUTPUT with that of the logic system. Thus, if Vcc is grounded in the 
logic system, then — 


Vee = 0; Vee = —5.2V; 
Ves = —1.15 nominal output voltage at 25°C 
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MC350 MECL series (continued) 


MC351,. MC356, MC357., MC359 thru MC362 


LOGIC GATES 
CIRCUIT SCHEMATICS LOGIC SPECIFICATIONS 


POSITIVE LOGIC 

When V, is defined as a logical ‘‘1'’ and Vy, as 
a logical ‘‘O"’ the ‘“‘OR’’/"‘NOR’’ function is 
performed: 


MC351 5-INPUT 
Single Gate 
F=“NOR"=A4+B+C+0+E 
G="OR"=A+B+C+D+E 


Dual Gate 


NEGATIVE LOGIC 

Inversely, when Vu is defined as a logical ‘‘0” 
and V. as a logical ‘‘1"’ the ““AND’'/‘‘NAND"” 
function is performed: 


MC356/MC357* 3-INPUT Single Gate 


F= 'NAND"=A*°BeCeDeE 
G="AND"=A*B*C*DeE£ 


Dual Gate _ 


4 1 = 
=D ae ReBeC 


PoH = "NAND" --D* EF 
es) 


MC359 DUAL “NOR” MC360 DUAL “NOR” MC361 DUAL “NOR” 
03 


*Resistors Ro are omitted in MC357 cir- 
cuits to permit reduction of Power Dissi- 
pation in systems where logic operations 
are performed at circuit outputs. 


EXAMPLE: where (n) gates are to perform 
an “OR” function, one MC356 gate and 
(n-1) MC357 gates can be used to provide 
savings of Power Dissipation in (n-1) gates. 


**Pins 9 and 10 are for use in conjunction 
with the MC355 input expander to in- 
crease the fan-in capability in increments 
of five. 


***To be supplied from bias-driver circuit 
MC354 for optimum temperature stability. 


NOTE: Any unused inputs can normally be 
left open-circuited. In cases where there 
may be external leakage to the unused in- 
puts they should be connected to Vee. 
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MC350 MECL series (continued) 


LOGIC GATES (CONTINUED) 


DC ELECTRICAL CHARACTERISTICS: Vec = 0, Vee = —5.2 Volts, (all +1%), Vox = —1.18 Vde @ 0°C 


Total Unit Power Supply 
Current Drain 


Input Current 
Fan-In 


Fan-Out 


Ves = —1.15 Vdc @ +25°C 
Ves = —1.08 Vdc @ +75°C 


All inputs open 
MC351, MC356 
MC357 
MC359, MC360, MC362 
MC361 


V1 min @ 25°C 


*““NOR"” OUTPUT - All Types 


“NOR'’ Logical ''O"’ Output 
Voltage 


“NOR’’ Logical ‘‘OQ’’ Output 
Voltage 


“NOR’’ Saturation Breakpoint 
Voitage 


‘“‘NOR’’ Output Voltage Change 
(No load to full load) 


Each Input: 
Vin = -1.350 Vde 


Each Input: 
Vin = -0.850 Vde @ 0°C 
Vin = -0.795 Vde @ 25°C 
Vin = 70.725 Vde @ 75°C 


dv “NOR” 4 
dvi, 


All inputs open 
No load = 0 current at pin 5 
Full load = 2.5 mAdc * 5% at pin 5 


“OR'" OUTPUT — Types MC351, MC356, MC357 only 


“OR” Logical ‘‘1’’ Output 
Voltage 


‘OR’’ Logical ‘‘O’’ Output 
Voltage 


Transition Region Slope 


“OR’’ Output Voltage Change 
(No load to full load) 


TYPICAL INPUT CHARACTERISTICS 


i, (0.02 mA/DIV) 


Each Input: 
-0.850 Vde @ 0°C 
-0.795 Vde @ 25°C 
-0.725 Vde @ 75°C 


Each Input: 
Vin = 71.35 Vde 


V “‘OR’’ Between: 
~1.400 Vde and -1.00 Vdc @ 0°C 
-1.350 Vde and -0.950 Vde @ 25°C 
~1.250 Vde and -0.850 Vde @ 75°C 


No load = 0 current at pin 4 
Full load = 2.5 mAdc ¢ 5% at pin 4 
Vin = ~0-850 Vde @ 0°C 
gp 
Vin = -0.795 Vde @ 25°C 
Vin = -0.725 Vde @ 75°C 


TYPICAL OUTPUT CHARACTERISTICS 


t 


Wavecveaeererieye’ 


tout (0.5 mA/DIV) 


CONDUCTION 
REGION 
TRANSITION 
REGION 


12 10 0.8 0.6 
ein (0.1 V/DIV) 


Cout (0.1 V/DIV) 
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MC350 MECL series (continued) 
LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS: : vec = 0, Vee = — 5.2 Volts, (all 1%), Veg = —1.18 Vdc, Vy = -0.790 Vde, V, = —1.640 Vde @ 0°C 
Veg = 1.15 Vde, Vy = —0.750 Vde, V, = 1.550 Vde @ +25°C 
Ves = -1.08 Vde, Vy, = -0.675 Vdc, V, = —1.500 Vde @ +75°C 


Conditions yard a seta eR Te] | 


The stray capacitance introduced by the test jig was; 
Cy, = (n + 12) pf where n = number of fan-outs. 


MC351 (See curves page 7) 


Propagation Delay 
“NOR"’ Output 1, Fan-Out = 1 
1, Fan-Out - 


‘OR’? Output 1, Fan-Out 
1, Fan-Out 


“‘NOR’* Output = 1, Fan-Out 
= 1, Fan-Out 


“OR’’ Output 1, Fan-Out 
= 1, Fan-Out 


Rise Time 
“NOR”’ Output = 1, Fan-Out 


“OR’’ Output 1, Fan-Out = 


Fall Time 
“‘NOR’’ Output 1, Fan-Out 
“OR’’ Output = 1, Fan-Out 


Propagation Delay 
“‘NOR’’ Output Fan-In = 1, Fan-Out 
Fan-In 1, Fan-Out 


“OR’’ Output Fan-In = 1, Fan-Out 
Fan-In = 1, Fan-Out = 


“NOR’’ Output Fan-In = 1, Fan-Our = 
Fan-In 1, Fan-Out 


OR’ Gutput Fan-in - i, Fan-Out - i a2 3.0 8.0 3.0 8.9 4.0 Bs) 
Fan-In = 1, Fan-Out = 10 3.0 11.0 4.0 11.0 5.0 3.0 

Rise Time tr nsec 
“NOR’’ Output Fan-In = 1, Fan-Out = 1 3.0 11.0 4.0 12.0 5.0 15,0 
“‘OR’’ Output Fan-In = 1, Fan-Out = 1 3.0 9.0 3.0 10.0 5.0 11.0 

Fall Time te nsec 
“NOR’’ Output Fan-In = 1, Fan-Out = 1 3.0 12.0 4.0 14.0 5.0 16.0 
“OR’’ Output Fan-In = 1, Fan-Out = 1 3.0 11.0 4.0 14.0 5.0 16.0 


MC359, MC360, MC361 — ‘“‘NOR’’ Output only 


Propagation Delay 
“‘NOR’’ Output 1, Fan-Out 
1, Fan-Out 


“NOR’’ Output 1, Fan-Out 
1, Fan-Out 


Rise Time 
“NOR’’ Output 1, Fan-Out = 


Fall Time 
“NOR’*’ Output Fan-In 1, Fan-Out 


SWITCHING TIME TEST CIRCUIT 


TO ei 
i UNIT UNDER TEST OR EQUIVALENT 
Cr F F F - 2 90° 
° 
eT G 10% 
=| | ta tale = t, 
0 —5.2¥ MC356 | MC356 
Los---~=S-. e, C2 
alt ei Sa foi 
INPUT PULSE t, AND t, = 6 nsec ne = Bf “es n “NOR” / anes 
pane 7 The fan-in 1s obtained with MC355 
| aren = = input expanders. with all but the 
"aT ee, tar ——| | =| tae driven input connected to 1.550 V 
/ 
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MC350 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


“NOR” OUTPUT 
“+.25°C = ame = mee MC351 
0°C ee 


“OR” OUTPUT +75°C 
MC351 


ta;, DELAY (nsec) 
DELAY (nsec) 


tar 


ta2, DELAY (nsec) 


ta2, DELAY (nsec) 


WL 


t,, RISE TIME (nsec) 


TE 


Fae 
UML 
LAM TE 


n, FAN-OUT 


Der ae 


E 


t, FALL TIME (nsec) 
t;, FALL TIME (nsec) 
3 
NT 
N : 


LAN 
ALN 


c 
Ly 


n, FAN-OUT n, FAN-OUT 
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Motorola Integrated Circuits 


MC350 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


1, DELAY (nsec) 
ty;, DELAY (nsec) 


ta 


2, DELAY (nsec) 
tga, DELAY (nsec) 


ty 


t,, RISE TIME (nsec) 
t,, RISE TIME (nsec) 


ts, FALL TIME (nsec) 
t; FALL TIME (nsec) 


n, FAN-OUT n, FAN-OUT 
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Motorola Integrated Circuits 


MC350 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 


(10% to 90% distribution) TYPICAL SWITCHING TIME VARIATIONS 
“NOR” MC356 

MC359, MC360, MC361, 475°C 

and MC353 “OR” and “CARRY” een 


SUPPLY VOLTAGE VARIATION 


ta:, DELAY (nsec) 


-— 6 nr a OS LS ST CT 

mine) | 1 | || iT | 
ie = 25°C 
wearer] Tf | | tt 
47 48 49 5.7 
ae on sieiy ian soe 


baa} 


AN-IN VARIATION 


taz, DELAY (nsec) 
t, TIME (nsec) 


Lo 
ics 
Ea 
so 
x 


WAN | Tt 


ANCE 


t,, RISE TIME (nsec) 


te, TIME (nsec) 
S 


0 5 10 15 
n, FAN-OUT 
OUTPUT WIRED * “OR” FUNCTION 


t, FALL TIME (nsec) 
t, TIME (nsec) 


4 
COMMON OUTPUT EMITTERS een 
n, FAN-QUT 
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MC350 MECL series (continued) 


MCcs3S3 
HALF-ADDER 


¢ Provides the ‘‘SUM,"” “CARRY,” and ‘‘NOR’’ Outputs 
for Use in Digital Computer Circuits over a Temperature 
Range of 0 to +75°C. 


°® Average Propagation Delay — 6 nsec 


CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 


“SUM” = AB + AB 
“CARRY” = AB 
“NOR” = AB 


The “NOR” and “CARRY” outputs can be 


tied together to provide the SUM” function. 

!f complement inputs are not used an un- 
defined state can occur. When all inputs are 
at a logical ‘‘O’’ Rc, has two Re currents which 
saturates the Vi: transistor. The ‘‘SUM’’ out- 
put goes to —2.3 Volts. The recovery time 
characteristics are shown in the curve below. 


RECOVERY CHARACTERISTICS WITH SIMULTANEOUS “0” SWITCHING TIMES TEST CIRCUIT 


TO 
ON ME WETS 2N918 UNIT UNDER TEST NOR” TEEOR 
en FOE EQUIVALENT 


0 _5.2V MC356 
pale 


2 dscittoscore Eo} 
i HET — emeieel 
3 i 
£ |__ geen 
gu ge ae 
= --} ) 
es 8 & 10 -z “--0 
3 PW Lan--- 

a 10 t PROPAGATION RISE AND 
bi DELAY TIME FALL TIMES 
“SUM” eaerer “CARRY” OUTPUT & 
9 2 “SUM” €o (“NOR" & “CARRY”) “NOR” OUTPUT 
PINS 7 & 9 ARE LOGICAL “0”  pcercasesae: “el 90% 
PINS 8& 10 ARE TIED TOGETHER ; ' ij 
; TO PULSE GENERATOR OUTPUT 90% 10% 
/ 
} tar tae ty “SUM” t, “SUM” 
ii t, “NOR” ty NOR” 
7 WAVEFORM AT INPUT OF “SUM” OUTPUT 
0.01 100 GATE UNDER TEST 
(RISE TIME = 10% to 90% POINT OF POSITIVE GOING WAVEFORMS. 
PW, PULSE WIDTH (,sec) FALL TIME = 90% to 10% POINT OF NEGATIVE GOING WAVEFORMS.) 
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MC350 MECL series (ssitinuieds 


HALF-ADDER (CONTINUED) 


ELECTRICAL CHARACTERISTICS : ve = -5.2 Vde+1%, Vec = O Vin = ~1.18 Ve @ 0°C 
Vip = —1.15 Vde @ +25°C 
Ves = —1.08 Vde @ +75°C 


DC CHARACTERISTICS 


‘“‘NOR’’ Logical ‘‘1”’ Vin = 71.350 Vde each input 


Output Voltage . 


“NOR” Saturation 
Breakpoint Voltage 


“‘NOR”’ Logical ‘‘0”’ 
Output Voltage 


“SUM” Logical oe? 
Output Voltage 


“SUM” Logical ‘‘0”’ 
Output Voltage 
Transition Region Slope 


“‘CARRY’’ Logical ‘‘1”’ 
Output Voltage 


“CARRY” Logical ‘‘0’’ 
Output Voltage 


“CARRY” Saturation 
Breakpoint Voltage 


Total. Unit Power Supply 
Current 


av “NOR” _ 4 


dav. 
in 


Each Input: 
Vin = 0.850 Vde @ 0°C 
Vin = -0.795 Vde @ 25°C 
Vin = -0.725 Vde @ 75°C 


Each Input: 
Vin = -0.850 Vdc @ 0°c 
0, 
= -0.795 Vdc @ 25 5c 
Vin = 70.725, Vde @€ 75°C 


Ve = -1,350 Vde each input 


Between: 
Vugym” = -1.000 and -1.400 Vde @ 0°C 
Vecgym’? = 70-950 and -1.350 Vde @ 25°C 
Vegyy’? = -0.850 and -1.250 Vde @ 75°C 


Vin = -1.350 Vde each input 


Each Input: 
Vin = 70-850 Vde @ 0°C 
Vin = ~0.795 Vde @ 25°C 
Vin = -0.725 Vde @ 75°C 


av “‘CARRY’’ 


aVin = 


All Inputs Open 


LOADING CHARACTERISTICS 


“‘NOR’’ Output Voltage Change 
Between No Load and Full 
Load Conditions 


“CARRY” Output Voltage 
Change Between No Load 
and Full Load Conditions 


“(SUM’’ Output Voltage Change. 
Between No Load and Full 
Load Conditions 


All Inputs open 
No load = 0 Current (pin 5) 
Full load = 2.5 mAdc (pin 5) 


All Inputs open 
No load = 0 current (pin 6) 
Full load .= 2.5 mAde (pin 6) 


No load = 0 current (pin 4) 
Full load = 2.5 mAdc (pin 4) 
Input (pin 9): 
Vin = 70-850 Vde @ 0°C 
Vin = -0.795 Vde @ 25°C 
Vin = -0.725 Vde @ 75°C 


SWITCHING CHARACTERISTICS 


The stray capacitance introduced by the test jig was; 
Cs = (n + 12) pf where n = number of fan-outs. 


Propagation Delay Time 
“SUM’’ Output 
“‘NOR’’ Output 
“CARRY” Output 


“SUM”? Output 
“NOR” Output 
“CARRY” Output 


Rise Time 
“SUM’’ Output 
“NOR’’ Output 
“CARRY’’ Output 


Fall Time 
“SUM’”’ Output 
“NOR’”’ Output 
“CARRY’’ Output 


1, Fan-Out 
1, Fan-Out 
1, Fan-Out 


1, Fan-Out 
1, Fan-Out 
1, Fan-Out 


1, Fan-Out 
: 1, Fan-Out 
1, Fan-Out 


1, Fan-Out 
1, Fan-Out 
1, Fan-Out 


uu ou 


11-320 


Vu = —0.790 Vde, V; = —1.640 Vde @ O°C 
Vu = —0.750 Vde, V, = ~1.550 Vde @ +25°C 
Vi = —0.675 Vdc, V, = —1.500 Vde @ +75°C 


Motorola Integrated Circuits 


MC350 MECL series (continued) 


FLIP-FLOPS 


MCcs352 


DC R-S FLIP-FLOP 7 
Performs the Binary Function of ‘‘Q”’ and ‘‘Q”’ 
Outputs at High Speeds over a Temperature 
Range of O to +75°C. 


CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 


When Vu is defined as a logical ‘1"’ and V, 
as a logical ‘‘0’’, the function is as follows: 


NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con- 
nected to Vee. 


MCcs35s 


J-K FLIP-FLOP 
Performs the Single Phase Binary Function of ‘'Q” 
and ‘‘Q"’ Outputs at High Speeds over a Temperature 
Range of O to +75°C. 


CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 


When Vu is defined as a logical ‘'1’’ and Vi 
as a logical ‘‘0’', the function is as follows: 


Is Ks Cc; Qr! 


Clocked JK Operation 


The Js and Ks inputs refer to logic levels 
while the Co input refers to dynamic logic 
swings. The Js and Ks inputs would be 
changed to a logical ‘‘1’’ only while the Co 
input is in a logic ‘‘1"’ state. 

NOTE: Any unused inputs can normally be left open-circuited. In cases where Set-Reset operation is the same as the 


there may be external leakage to the unused inputs they should be con- MC352. 
nected to Vee. 
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MC350 MECL series (continued) 


FLIP-FLOPS (CONTINUED) 


MC352. MC35s 


ELECTRICAL CHARACTERISTICS: ve =-5.2Vde +1%, Veco = 0 


DC CHARACTERISTICS 


“Q” or “Q’’ Logical ‘‘1’’ Output | Each Input: 
Voltage Vin = -1.350 Vde 


“Q” or “Q’’ Logical ‘‘0’’ Output | Each Input: 
Voltage Vin = -1.350 Vde 


“Q” or “Q’’ Saturation dV “Q”’/dVin = 0; dV “Q”/dVi, = 0 
Breakpoint Voltage 


= (MC352) aV,/dVin =O 
4 a 64 ” 
“Q’’or“‘Q”’ Latch Voltage (MC358) av, /a¥,, _ 


Total Power Supply Current All Inputs Open 


LOADING CHARACTERISTICS 


“Q’’ Output Voltage Change All Inputs Open, measured between no load 
and full load 
Vin (pin 6) = -0.850 Vde @ 0° ¢ 
Vin (pin 6) = -0.795 Vde @ 250 Cc 
Vin (pin 6) = -0.725 Vdc @ 75 °c 
No load = 0 current (pin 5) 
Full load = 2.5 mAde t 5% (pin 5) 


“Q” Output Voltage Change All Inputs Open, measured between no load 
and Full load, V._ at pin 10 for MC352, 
pin 1 for MC358 *" 

Vin = 0.850 Vde @ 0°C 
Vin = -0.795 Vde @ 255C 
Vin = -0.725 Vde @ 72°C 


No load - 0 current (pin 4) 
Full load = 2.5 mAde + 5% (pin 4) 


Output Voltage at Max Ii, Set ‘‘Q’”’ to upper state: 
Vin = -0.850 Vdc (pin 6) @ oS 
-0.795 Vdc (pin 6) @ 25 255, 
= -0.725 Vdc (pin 6) @ 75° 
in Then 1 Input = 
120 pAde 41% @0 °¢ 
100 wAde +1% @ 25°C and 75 °c 


MC352: MC358: 


Pin 4 (“*Q”) : Pin 4 (“Q”’) 
Pin 5 (“<Q”) : Pin 5 (“Q”) 
Pin 4 (**Q’’) 
Pin 5 (Q”) 


TRANSFER CHARACTERISTICS 


—1.350V en 


Cour 


“Rr 
“NOR” 


“<Q” 


UNIT 
UNDER 


az 25 CPS TEST 


*FOR ‘'Q’’ TESTS REVERSE ‘‘S’’ & ‘“‘R’’ CONNECTIONS 
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Motorola Integrated Circuits 


MC350 MECL series (continued) 
FLIP-FLOPS (CONTINUED) 


MCcs352 


SWITCHING CHARACTERISTICS: vec = 0, Vee = —5.2 Volts, (all 2%), Vi  -0.790 Vde, V, = -1.640 Vde @ 0°C 


The stray capacitance introduced by the test jig was; Vi = ~0.750 Vdc, V; = ~1.550 Vde @ +25°C 
Cy; = (n + 12) pf where n = number of fan-outs. Vu = —0.675 Vdc, V, = —1.500 Vdc @ +75°C 


Propagation Delay Time Either Output (Fan-In 


Either Output (Fan-In 


1, Fan-Out 
1, Fan-Out 


Rise Time Either Output (Fan-In 


it 


1, Fan-Out = 1) 


Fall Time Either Output (Fan-In = 1, Fan-Out = 1) 


SWITCHING TIME TEST CIRCUIT 


2N918 
PW PW 
100 nsec 100 nsec 

max max 

INPUT TO SET Cins 
TO TEKTRONIX 567 t, = 6 nsec —| ->— DELAY 20 nsec min 

OR EQUIVALENT 
Cink 


INPUT TO RESET 
Q OUT 


MC356 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


+75°C 


+25°C mma on EEC ea ee 


0°C ee oe 


3 3 
2 2 
¥ ret 
2 = 
> > 
<= < 
ra ra 
3 3 
xt} cx) 
3 3 
— £ 

had 
Fs = 
- 1 
7,3 4 
a < 
bal re 


n. FAN-OUT n, FAN-OUT 
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Motorola Integrated Circuits 


MC350 MECL series (continued) 


FLIP-FLOPS (CONTINUED) 


MCcs35sS 


SWITCHING CHARACTERISTICS: vec =0, Viz = — 5.2 Volts, (all +1%), Vi = —0.790 Vdc, V, = —1.640 Vde @ 0°C 


The stray capacitance introduced by the test jig was; Vu = —0.750 Vdc, V; = —1.550 Vde @ +25°C 
Cs; = (n + 12) pf where n = number of fan-outs. Vy = —0.675 Vde, V, = -1.500 Vde @ +75°C | 


Propagation Delay Time Either Output (Fan-In = 1, Fan-Out = 1) 
Either Output (Fan-In = 1, Fan-Out = 1) 


Rise Time Either Output (Fan-In = 1, Fan-Out = 1) 


Fall Time Either Output (Fan-In = 1, Fan-Out = 1) 


SWITCHING TIME TEST CIRCUIT SWITCHING WAVEFORMS 


- t, = 6 nsec 


TO TEKTRONIX 567 
OR EQUIVALENT 


INPUT 


EITHER OUTPUT 


EITHER OUTPUT 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


+75°C 
425°C = ae 


Ohad Oa 


2) s 
Z 3 
£ & 
tad 
= = 
a — 
> > 
= = 
a 3 
Pe va 
oS ez} 
Qo 
2 2 
bad 
= = 
i e 
ta —_ 
” ad 
z ra 
a rs 
n, FAN-OUT n, FAN-OUT 
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MC350 MECL series (continued) 


MC3S55 
GATE EXPANDER 


Designed primarily for use in conjunction 
With the MOTOROLA MC356 and 
MC357 ''MECL" 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five. 


ELECTRICAL CHARACTERISTICS 


Conditions 
Base Leakage Current = -2.0 Vde. Vec =0, 
= -5.2 Vde 


Input Voltage = -0.7 Vdc, Vp = 0, 


Ip = -1.33 mAdc 


Collector Leakage Current Voc = -2 Vde, VBE = 0.3 Vde 


(All inputs), Ver = 0 


SWITCHING CHARACTERISTICS 


Propagation Delay 


Rise Time 


Fall Time 


in 0 
a ewe 


Mc355 CH CK) 2918 


O OUTPUT 


= 52V 52V 


CIRCUIT SCHEMATIC AND INTERCONNECTION TO MC356 3-INPUT GATE 


MC355 MC355 MC356 
GATE EXPANDER 3-INPUT GATE 


NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con- 
nected to Ve¢. 


11-37 


Motorola Integrated Circuits 


mc 200 ptt series 


SUFFIX ‘‘F”” DEVICES SUFFIX ‘G’’ DEVICES 
CASE 72 CASE 71 
(TO-5) 


Monolithic integrated Diode Transistor Logic circuits 
for low-power, high-speed applications. The MC200 
series provides a high noise immunity of 0. 5 Volts 
and gperates over the temperature range of -55 to 
+125 C. 


SERIES MC200 DTL INTEGRATED CIRCUITS 


| . ; Maximum . 
7 Propagation _Power Dissipation _ Maximum 
_ Description Delay Output Off | Output On Fan Out 
(nsec) (mW) (mw) }(—55 to +125°C) 
4-Input NAND/NOR Gate 8.5 
3-Input NAND/NOR Gate 8.5 
6-Input Diode AND Gate _ 
3-Input Power NAND/NOR Gate 20 


Line Driver 30 20(MC201) 
15(MC209) 


Dual (2-2) Input NAND/NOR Gate 17 5) 


Dual (3-2) Input NAND/NOR Gate 17 5 


Dual (3-2) Input NAND/NOR Gate 17 
Flip- Flop 16 
Dual (3-3) Input NAND/NOR Gate 15 
Dual (3-3) Input NAND/NOR Gate 

Dual (3-3) Input AND Gate 


Dual-Diode Array 
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Motorola Integrated Circuits 


mc 20] MC200 DTL SERIES 


mc 202 


4-Input and 3-Input Diode Transistor Logic NAND/ NOR Gates. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Characteristic 


Applied Voltage 
+8 
-8 
+6 


Forward Current 30 mA 
Operating Temperature Range -55 to +125 °c 


Storage Temperature Range -65 to +175 


4-INPUT NAND/NOR GATE MC201 


6 
NAND NOR 
(“UP’’ LEVEL = ‘'1"") (“DOWN’’ LEVEL = '‘1"’) 
A A 
2: E B B 
C E C E 
B 8 
c 9 
E — ABCD E> A+B+C+4+0 
D 10 5 
6 3-INPUT NAND/NOR GATE MC202 


4 
NAND NOR 
(“UP” LEVEL = ‘‘1") (“DOWN" LEVEL = “1"’) 


3£ A ‘ 
B E B E 
C C | 
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Motorola Integrated Circuits 


MC201, MC202 (continued) 


ELECTRICAL CHARACTERISTICS 
* (Ve = 4 Vde, Vs = 2 Vde, Vi = 0, Ty = 25°C unless otherwise noted) 


Output Saturation Voltage 


(Ig = 10 mAdc, V 10 - 2 Vdc, 
Ty = -55 to +1250)" 


Output Breakdown Voltage BV; Vdc 
(Ig = 1 uAdc, V 1, 5, 6 re 0) 
ini LV3 Vde 
_ = 0) 


Output Leakage Current 
(V7 = 0.7 Vdc, Vg9 10 = 2 Vde, Vg 
re 0.7 Vdc, V e910 = 2 Vdc, V3 

125°C) 


5 Vdc) 
5 Vdc, 


Input Diode Leakage Current** 
(Diode under test at 5 Vdc, all other inputs = 0) 
oe under test at 5 Vdc, all other inputs = 0, 

= 125°C) 


Turn-Off Current at t Input ™* 
(V7 thru 10 = 9) 

(V7 thru 10 = 0, Ty = -55 to +125°C) 
(Vo = 0) 


Load Resistor Current 
(V4 = 0) 


Output Capacitance 
(V. = 4Vdc, V, 725 mVrms, f =1 me, 
unused pins grounded) 


Input Capacitance ** 
(V7 thru 10 = 4 Ve, V,, = 25 mVrms, f = 1 me, 


unused pins grounded) 


Power Consumption from Power Supply 
(Output ‘‘Off’’, V7 = 0) 
(Output ‘‘On’’) 


Switching Time 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay 


Fan-Out 
(Ty = -55 to +125°C) 


* Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 


** Input diode at pin 10 available on MC201 only 
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MC201, MC202 (continued) 


ie 7 HAS CHRCEME CIRCLE... 2.2 DELAY 
SWITCHING TIME TEST CIRCUIT TIME TEST CIRCUIT ie 7 HAS CHRCEME CIRCLE... 2.2 CIRCUIT 


1/FREQ. OSC. 
AVERAGE t,4 PER STAGE = oy 51g sTaGEs 


OUTPUT 


7 STAGES 
5100 


SWITCHING TIME WAVE FORMS 


TEKTRONIX 
110 


PULSE 
GENERATOR 
OR 
EQUIVALENT 


TEKTRONIX 
581 
OSCILLOSCOPE 
OR 
EQUIVALENT 


mc 203 MC200 DTL SERIES 


6-Input Diode Transistor Logic AND Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


Characteristics 


Applied Voltage 


+8 
+8 


Forward Current 30 


Operating Temperature Range -55 to +125 9¢ 


Storage Temperature Range 


-65 to +175 °C 


* Numerical subscripts refer to pin numbers. 
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Motorola Integrated Circuits 


MC203 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


Characteristics Symbol Min 


. Diode Breakdown Voltage 


= 10wAdc, V,,=V,=0 


I, thru 8 10 1 ) 


Diode Forward Voltage 


= 2 mAdc, V 


eT 3 thru 8 = 9) 


Diode Reverse Leakage Current 
= 5 Vdc, Vi0 = vi = 0) 


= 5 Vde, Vjy=V,=0,T 


(V3 thru 8 
(Ve thru 8 


A 125°C) 


Input Capacitance 


(Ve thru g 72 Vee, Vyg =V, = 0, f= 1 me, 


Vin = 25 mVrms, unused inputs grounded) 


Reverse Recovery Time 


=I = 2 mAdc, V,,=V 


Gy 3 thru 8 R 3 thru 8 10 


recover to 0.2 mAdc) 


- Resistor Current 


(Vg = 4 Vdc, V, = 0) 


2 


‘Resistor Temperature Coefficient 


Diode Forward Conductance Change with AVF 3 thru 8 
Temperature 


* Numerical subscripts refer to pin numbers. 
Pins not specifically referenced are left electrically open. 
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MC203 (continued) 


CIRCUIT SCHEMATIC | 


2 O-—-—<—— ——— a 


3 4 ) 6 7 8 


6-DIODE “‘AND’’ GATE 


mc 204 MC200 DTL SERIES 


3-Input Diode Transistor Logic NAND/NOR Power Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


Characteristic 


Applied Voltage V +8 
-6 
+6 


Forward Current 30 


Load Current 75 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to+ 175 


* Numerical subscripts refer to pin numbers. 
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MC204 (continued) 


ELECTRICAL CHARACTERISTICS | 
(Ve = 4 Vde, Vs = 2 Vde, Vi = 0, Ts = 25°C unless otherwise noted) 


Output Breakdown es 
(I, = 5 wAdc, V, = 0) 


“1 Output Current 
Va 8 or 9 


= 1.1 Vdc, Va 5 Vdc} 
Veg = 5 Vdc, 
V, = 5 Vde, 


, Vg = 0.6 Vdc) 
V, = 0.6 Vde, T 
V, = 0:6 Vde, T 


= 125°C) 
= -55°C) 


J 
J 


Input Breakdown Voltage 
(ly = 10 wAdc, Ve = 0) 
i, = 10 wAdc, Vo = 0) 
a, - = 10 wAdc, Vy = 0) 


Input Leakage Current 
(Vn = 5 Vdc, Ve = 0) 
| (Vy = 5 Vdc, Ve = 0, Ty = 125°C) 
(Ve = 5 Vdc, Vy = 0) 
(Ve = 5 Vdc, Vn = 0, Ty = 125 C) 
(Vo = § nae Vn = 0) 
(Vo = 5 Vdc, Vn = 0, Ty = 125°C) 
Input Turn-Off Current 


(Alternately, V, V, V,= 0) 
1, 8, °9 
(Alternately, V. V, V,=0, T 


7 Ng. Ne = -55°C to +125°C) 
(Vig = 9) 


J 


Output Capacitance 
(V, = 2.0 Vdc, vi. 25 mVrms, f = 1 mc, unused pins grounded)' 


Input Capacitance ; 
(Vn = 2.0 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 


= 2.0 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 
= 25 mVrms, f = 1 mc, unused pins grounded) 


Power Supply 
(Output "OFF", Vy = 0) 


(Output ''ON'') 


Switching Times 
Turn-On Delay 


Turn-Off Delay 
Average Propagation Delay (Figure 2) 


Fan-Out 


(to MC201, T, = -55°C to + 125°C) 


J 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 
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Motorola Integrated Circuits 


MC204 (continued) 
CIRCUIT SCHEMATIC 

A 7Q O 6 

D = ABC 
B 8Q 

O3 0D 
7 he 
| 
10Q O5 


POWER GATE MC204 


PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 
+4V9 AVERAGE ta PER STAGE = 2X NO. STAGES OUTPUT 
~~ T STAGES 


SWITCHING TIME WAVE FORMS 


TEKTRONIX 
110 
PULSE 
GENERATOR 


EQUIVALENT 


TEKTRONIX 
581 

OSCILLOSCOPE 
OR 

EQUIVALENT 


mc 205 


LINE DRIVER 


MAXIMUM RATINGS (Ts = 25°C) 


Applied Voltage 


Forward Current 


Load Current 15 


Operating Temperature Range -55 to +125 


~65 to +175 
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Motorola Integrated Circuits 


MC205 (continued) | * (Vs = 4 Vde, Vs = 2 Vde, Vi = 0, 
ELECTRICAL CHARACTERISTICS Ts.= 25°C unless otherwise noted) | 


. Characteristic Symbol ie | | mc ut 


Output Saturation Voltage 


vd 
(I, = 40 mAdc, T, = -55°C to +125°C) 


Vv 


37 


ie 
Pe 


Output Voltage, "Off" Level 


(I, = 10 mAdc, V, = 0.7 Vdc, T, = -55°C to +125°C) 
3 8 


J 


Input Breakdown Voltage 
(I, = 10 uwAdc, Vio = 0) 


(Iy9 = 10 wAdc, V, = 0) 


Input Leakage Current uAdc 
(V,=5 Vdc, Vio =9) Ip 
(Ve = 5 Vdc, Vi0 = 0, Ty = 125°C) I, 
(Vig = 5 Vdc, Vg = 9) 110 | 
Turn-Off Current at Inputs | 
(Ve = 0) Ip , . 
Ve = 0, Ty =-55 to+ 125°C) I, : 
V9 79) lig 
Vig =% Ty = -55 to + 125°C) lio | ; 
ad vio iegilelaae |e Jee 
Input Capacitance pf 
(Ve = 2 Vdc, Vi, = 25 mVrms, f = 1 mc, unused pins grounded) Cy 
Vio = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) Cio 
Power Consumption from Power Supply mW 
(Output "Off", Vp = 0) 
(Output ''On"') | 
Switching Times 
Turn-On Delay en 
Turn-Off Delay tore 
Average Propagation Delay nsec 
(C, = 1000 pf) tod 
Fan-Out 
(to MC201, Ts; = -55 to + 125°C) | 
(to MC209, Ty = -55 to + 125°C) 


*Numerical subscripts refer to pinnumbers. Pins not specifically referenced are left electrically open. 


ree | . PROPAGATION DELAY 


1/FREQ. OSC. 


i AVERAGE t,4 PER STAGE = Syn crages OUTPUT 
~ "TSTAGES 


TEKTRONIX 1002 


110 
PULSE SWITCHING TIME WAVE FORMS 
GENERATOR ; 


1000 pf 


EQUIVALENT 


TEKTRONIX 
581 
OSCILLOSCOPE 
OR 
EQUIVALENT 


Motorola Integrated Circuits 


MC205 (continued) 


| CIRCUIT SCHEMATIC 


6 


5 


LINE DRIVER MC205 


mc 206 MC200 DTL SERIES 


Dual (2-2) Input Diode Transistor Logic NAND/NORGate. 
MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage Vo ,3,4,6 thru 10 


V5 


Forward Current Ty 10 


I thru 4, 
7 thru 10 


CIRCUIT SCHEMATIC 


6 
O 


QO 9 
O2E 
A 30 
B 40 
= 1 
O05 
C) 10 F 
c¢ 7Q , 
D 8C <5 


E = AB F= CD 


2-2 NAND/NOR GATE 
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Motorola Integrated Circuits 


MC206 (continued) * (Vo = 4 Vde, Vs = 2 Vde, Vi = 0, 
ELECTRICAL CHARACTERISTICS — Ts = 25°C unless otherwise noted) 


Output Breakdown Voltage 
= 1 wAdc, <2 = 0) 
Go = 1 pAdc, V, = 0) 


"1" Output aoa 
(Vv = 1,1 Vde, V, = 5 Vde 
(Vv = 0,7 Vdc, V,=5 Vdc, Ty = +125°C) 
(V. = 1.4.Vde, V, =5 Vdc, T= -55°C) 
Vv, = 1.1 Vdc, Vi0 =5 Vdc) 
V, = 0.7 Vde, Vj) =5 Vde, T= 125°C) 
(V,, = 1.4 Vdo, Vio = 2 Vade, Ty = -55°C) 


"0" Output Current 
V5 = 1.7 Vdc, V 
V3 = 1.3 Vdc, V 
V3 = 2.0 Vde, V 

Vv 
Vio 


6 
.6 Vdc, T, = 125°C) 
6 Vde, Ty = -55°C) 


" 


(V = 1.7 Vdc, 
V, = 1,3 Vdc, 
VW, = 2.0 Vdc, V ie = 0.6 Vdc, 


Input Breakdown Voltage 
(I = 10 Adc, V,= 0) 
(i, = 10 uAdc, Vi= 0) 

c, = 10 uAdc, Vo, = 0) 

(I, = 10 pnAdc, Vn = 0) 


Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, .all other inputs = 0, T, = 125°C) 


Input Turn-Off Current 
(Alternately V3 V 4? Vey = 0) 


(Alternately V3, V4, Vis ve =0, T, = -55 to +125°C) 


Output Capacitance 
Vo = 2.0 Vdc, V3 = 0, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 
veo = 2.0 Vdc, V, = 0, V,, = 25 mVrms, f = 1 mc, unused pins grounded) 


amt “capacitance 

(V. =2 Vdc, V, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vi, =2 Vdc, Vo a 25 mVrms, f = 1 mc, unused pins grounded) 
(v 7 = 2 Vde, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 
(V , = 2 Vdc, V, ne 25 mVrms, f = 1 mc, unused pins grounded) 


= 125°C) 
= -55°C) 


Lslglosly 


Si ges | oe Current 


area onhaenlnabecceeiien! — from Power Supply 
(Output "Off", V5 = Va = 

(Output "On'’) 

Switching Times 
Turn-On Delay 
Turn-Off Delay 


‘Average Propagation Delay 
‘Fan-Out 


(T, = -55 to +125°C) 
*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically oper. 
|... MEASURE Er CRcur: 1 DELAY 
| SWITCHING TIME TEST CIRCUIT TIME TEST CIRCUIT |... MEASURE Er CRcur: 1 CIRCUIT 


AVERAGE tyg PER STAGE = pf mreo OSC. 


= on TEKTRONIX OUTPUT 
581 

OSCILLOSCOP! 
OR 


EQUIVALENT 


"7 STAGES 


SWITCHING TIME WAVE FORMS 


GENERATOR 
OR 
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Motorola Integrated Circuits 


mc 207 MC200 DTL SERIES 


Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Characteristic 


Applied Voltage 


Vo \3,4,6 thru 10 
V5 


Forward Current 
I2 10 


Io thru 4, 
7 thru 10 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


CIRCUIT SCHEMATIC 
6 © 
D2 F 
A 3Q 
B 4&4Q 
O5 7 i 
O10 G 
c 7G 
e ~—_ — 
0 8 F=AB G = CDE 
1 
E 90 3 — 2 NAND/NOR GATE 
PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT | MEASUREMENT CIRCUIT | 
1/FREQ. OSC. 
2X NO. STAGES 


AVERAGE t,4 PER STAGE = 


TEKTRONIX OUTPUT 
110 


TEKTRONIX 


1 7 STAGES 
OSCILLOSCOPE 
OR 


EQUIVALENT 


EQUIVALENT 
ig EX SWITCHING TIME WAVE FORMS 
al 


PULSE 
GENERATOR 
R 
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Motorola Integrated Circuits ——— 


MC207 (continued) 


ELECTRICAL CHARACTERISTICS * 


(V5 = 4 Vdc, Vs = —2 Vde, Vi = 0; Ts = 25°C unless otherwise noted) 
Characteristic Max | unit | 
Output Breakdown Voltage Vdc 
(Ig = 1 pAdc, V3 = 0) 
(Iy9 = 1 pAdc, Vq7 = 0) 
**1’’ Output Current pp Adc 
(V3 = 1.1 Vde, Ve = 5 Vde 
(V3 = 0.7 Vde, Vo = 5 Vde, Ty = 125°C) 
(V3 = 1.4 Vdc, V2 = 5 Vde, Ty = -55°C) 
(Vo = 1.1 Vdc, Vig = 5 Vdc) 
(V7 = 0.7 Vdc, Vig = 5 Vde, Ty = 125°C) 
(V7 = 1.4 Vde, Vig = 5 Vde, Ty = -55°C) 
*0’’ Output Current Adc 
(V3 = 1.7 Vde, Vg = 0.6 Vdc) 
(V3 = 1.3 Vdc, Vg = 0.6 Vde, Ty = 125°C) 
(V3 = 2.0 Vde, Vg = 0.6 Vdc, Ty = -55°C) 
(V7 = 1.7 Vde, Vig = 0.6 Vdc) 
(V7 = 1.3 -Vde, Vig = 0.6 Vde, Ty = 125°C) 
(V_ = 2.0 Vde, Vig = 0.6 Vde, Ty = -55°C) 
Input Breakdown Voltage Vdc 
i3 = 10 pAdc, V4 = 0) 
lg = 10 pAdc, V3 = 0) 
(I7 = 10 pAdc, Vg = 0) 
(Ig = 10 wAde, Vy = 0) 
(Ig = 10 wAde, V7 = 0) 
Input Leakage Current pAdc 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs = 0, T J” 125°C) 
Input Turn-Off Current mAdc 
(Alternately V3, V4, V7, Vg, Vg = 0) 
(Alternately V3, V4, V7, Vg, Vg = 0, Ty = -55 to+125°C) 
Output Capacitance 
(Vg = 2.0 Vdc, V3 = 0, Vj, = 25 mVrms,f =1 mc, unused pins grounded) Co —_ 10 
(Vio = 2.0 Vdc, V7 = 0, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) C19 — 10 
Input Capacitance 
(V3 = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) C3 —_ 10 
(V4 = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) C4 — 10 
(V7 = 2 Vde, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) Cy — 10 
(Vg = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) Cg — 10 
(Vg = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) Co — 10 


Power Consumption from Power Supply 
(Output ‘‘Off’’, V3 = Vq = 0) 
(Output ‘‘On’’) 


Switching Times (Figure 2) 
Turn-On Delay 


Turn-Off Delay 


Average Propagation Delay (Figure 3} 


Fan-Out ‘ 
(Ty = -55 to +125 °C) 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 
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Motorola Integrated Circuits 


mc 208 MC200 DTL SERIES 


Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 


MAXIMUM RATINGS. §$ (Ts = 25°C unless otherwise noted ) 


Characteristic 


Applied Voltage 
V2 \3,4,6 thru 10 
V5 

Forward Current 
Ip 10 


12 thru 4, 
7 thru 10 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


F=AB G = CDE 
3 — 2 NAND/NOR GATE 
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Motorola Integrated Circuits 


MC208 (continued) (Ve == 4 Vde, Vs = 2 Vde, Vi = 0, 
ELECTRICAL CHARACTERISTICS Ty = = 25°C unless otherwise noted) 


seaaene sence A 


Output Breakdown Voltage 
BV2 
BVio 


(Ig = 1 wAde, Vg = 0) 
(Iy9 = 1 uAde, V7 = 2 


Output Saturation Voltage 


Vde 
(Ip = 8 mAdc, V3 = V4 = 2 Vde, Ty = -55 to +125°C) 
(Ij9 = 8 mAdc, V7 = Vg = vor = 2 Vde, Ty = -55 oer’) 
Output “Off’’ Voltage | Vdc 
(I, = 100 Adc, Vz = 0.7 Vde, Ty = -55 to +125°C) 
io = 100 pAde, V7 = 0.7 Vde, Ty = -55 abet 
Input Breakdown Voltage Vdc 


(Ig = 10 Adc, V4 = 0) 
(Ig = 10 pAdc, V3 = 0) 
(I7 = 10 Adc, Vg = 0) 
(Ig = 10 yAdc, V7 = 0) 
(Ig = 10 pAdc, V7 = 0) 


[Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs = 0, Ty = 125°C) 


Input Turn-Off Current 
(Alternately V3, V4, V7, Vg, Vo 
(Alternately V3, V4, V7, Vg, Vg 


0) 
0, Ty = -55 to+125°C) 


Output Capacitance 
(Vo = 2.0 Vdc, V3 = 0, Vin = 25 mVrms, f =1 mc, unused pins grounded) 
(V19o = 2.0 Vdc, V7= 0, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 


Input Capacitance 
(V3 = 2 Vdc, Vin = 25 mVrms, 
(V4 = 2 Vde, Vj, = 25 mVrms, 

2 Vde, Vin = 25 mVrms, 

2 Vdc, Vin = 25 mVrms, 

(Vg = 2 Vdc, Vj, = 25 mVrms, 


1 mc, unused pins grounded) 
1 mc, unused pins grounded) 
1 mc, unused pins grounded) 
1 
1 


~-~ 

< 
oa 
non 


mc, unused pins grounded) 
mc, unused pins grounded) 


eh Hh eh Kh rh 
toh ow on ou 


Power Consumption from Power Supply 
_ (Output “Off’’, V3 = Va = 0) 
(Output “On’’) 


Switching Times 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay 


Fan-Out | 
(Ty = -55 to+ 125°C) 


AVERAGE t,4 PER STAGE - 2X NO. STAGES 


SWITCHING TIME WAVE FORMS 


TEKTRONIX 
110 
PULSE 
GENERATOR 


TEKTRONIX OUTPUT 


581 
OSCILLOSCOPE, 
OR 
EQUIVALENT 


EQUIVALENT 


me 
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mc 209 


MAXIMUM RATINGS § (Ts = 25 


Applied Voltage 


Forward Current 


Operating Temperature Range 


Storage Temperature Range 


POSITIVE 
PULSE 


—2V 


PULSE 
GENERATOR 
DATA PULSE 

106 OR 
EQUIVALENT 


PULSE 
POSITIVE 


PULSE 
GENERATOR 
DATA PULSE 

106 OR 


EQUIVALENT 


CLOCKED SET-RESET MODE 


ae 


MC200 DTL SERIES 


Diode Transistor Logic Flip-Flop. 


°C unless otherwise noted) 


v2 3, 4,6, 7,8, 9, 10 
5 


+50 
-30 


I3, 8 
Io, 3> 4° 7 thru 10 


-55 to +125 


-65 to +175 


20 nsec 


2.5¥ —> 


CLOCK INPUT PULSE 


INPUT VOLTAGE TO 
OSCILLOSCOPE 
TEKTRONIX 581 


QQ) OR EQUIVALENT 100 nsec 


1.5V 
OUTPUT 


INPUT VOLTAGE TO 
OSCILLOSCOPE 
TEKTRONIX 581 
OR EQUIVALENT 


OUTPUT 


DIRECT SET/RESET INPUT 
1.5V 


11-53 
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MC209 (continued) 


ELECTRICAL CHARACTERISTICS 
* (Ve = 4 Vde, Vs = 2 Vdc, Vi = O, Ts = 25°C unless otherwise noted) 


| BE | sn | we | | [oe 


OUTPUT LEVEL 
“Off’’ Voltage 


(Ig = -200 pu Adc, V4 = 0.6 Vdc, V7 = 2.0 Vdc) 

(Ig = -200 uw Adc, Vg = 2.0 Vdc, V7 = 0.6 Vdc) 
‘“‘On’’ Voltage 

(Ig = 16 mAdc, V4 = 2.0 Vdc, Vy = 0.6 Vdc) 

(Ig = 16 mAdc, V4 = 0.6 Vdc, V7 = 2.0 Vdc) 


DIRECT SET-RESET INPUTS 
“Up’’ Voltage 


“‘Down’’ Voltage 


‘‘Up’’ Current 
(V4= 5 Vde, Ty 
(Va =o Vdc, Ty 

‘“‘(Down’’ Current 
(V4 = 0) 

(V7 = 0) 


125°C) 
125°C) 


CLOCKED SET-RESET INPUTS 
‘“‘Down’’ Current 
(Vg, 19 = 0, Ty = 25°C) 
(Vo, 19 = 0, Ty = 25°C) 
Effective Clock thput Capacitance 


SWITCHING TIME 
Clocked Set-Reset Mode 
Turn-On Delay 
Turn-Off Delay 
Direct Set-Reset Mode 
Turn-On Delay 
Turn-Off Delay 


CIRCUIT AND LOGIC DIAGRAMS 


"LOW VOLTAGE = 0 
*BOTH Q and @ IN 1 STATE UNTIL EITHER Sp OR Ro RISES 


BINARY ELEMENT MC209 
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Motorola Integrated Circuits 


mc212 MC200 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 
MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Characteristic 


Applied Voltage 
. Vo thru 10 


Forward Current 
12,10 


Id thru 5, 
7 thru 10 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


i. IMCLCORENEEReUE. ox = DELAY 
SWITCHING TIME TEST CIRCUIT i. IMCLCORENEEReUE. ox = CIRCUIT 
ey a eee. JEPREQUOSO. 
| AVERAGE t,4 PER STAGE = aot | ain 
~ 7 STAGES — 


TEKTRONI 
oo TEKTRONIX 


PULS 581 
GENERATOR OSCILLOSCOPE 
OR OR 


EQUIVALENT 


EQUIVALENT 


O10 H 


G = ABC H = DEF 


3 — 3 NAND/NOR GATE 
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Motorola Integrated Circuits 


MC212 (continued) 


ELECTRICAL CHARACTERISTICS * (Ve = 4 Vde, Vi = 0, Ts = 25°C unless otherwise noted) 


Output Breakdown Voltage 
(Ip = 1 Adc, Vg = 0) 
(Iyg = 1 wAdc, V7 = 0) 


‘1’? Output Current 
(V3 = 1.1 Vdc, Vo 
(V3 = 0.7 Vdc, V2 
(V3 = 1.4 Vde, Vg 


pAdc 
5 Vdc 


5 Vde, Ty = 125°C) 
5 Vde, Ty = -55°C) 


(V7 = 1.1 Vdc, Vjg = 5 Vdc) 
(V7 = 0.7 Vde, Vig = 5 Vde, Ty = 125°C) 
(V7 = 1.4 Vdc, Vig = 5 Vde, Ty = -55°C) 


“‘Q’’ Output Current 
(V3 = 1.7 Vdc, Vo 
(Vg = 1.3 Vdc, Vg 
(V3 = 2.0 Vdc, V9 
(V7 = 1.7 Vdc, Vi9 
(V7 = 1.3 Vdc, Vig 
(V_ = 2.0 Vde, Vio 


0.6 Vdc) 

0.6 Vde, Ty = 125°C) 

0.6 Vde, Ty = -55°C) 
0.6 Vdc) 
0.6 Vde, Ty= 125°C) 
0.6 Vde, Ty= -55°C) 


oust 


Input Breakdown Voltage Vdc 
(Ig = 10 Adc, V4 = 0) 
(Ig = 10 Adc, V3 = 0) 
(Is = 10 Adc, V3 = 0) 
(I7 = 10 pAdc, Vg = 0) 
(Ig = 10 wAdc, V_ = 0) 
(Ig = 10 Ade, V_ = 0) 


Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs = 0, T J* 125°C) 


pAdc 


Input Turn-Off Current 
(Alternately V3, V4, V5, Va, Vg, Vo 0) 
(Alternately V3, V4, V5, V7, Vg, Vg = 0, Ty = ~55 to +125°C) 


Output Capacitance | 
(V2 = 2.0 Vdc, Vg = 0, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) Co 10 
(Vig= 2.0 Vdc, V_7 = 0, Vin = 25 mVrms, f = 1 mc, unused pins grounded) Cio 10 


mAdc 


Input Capacitance 
(V3 = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) — Cy 10 
(Vq = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) C4 10 
(V5 = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) Cs 10 
(V7 = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) Cy 10 
(Vg = 2 Vdc, Vin = 25 mVrms, f = 1-mc, unused pins grounded) Cg 10 
(Vg = 2 Vde, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) Cog 10 


Power Consumption from Power Supply | 
(Output ‘‘Off’’, V3 = V7 = 0) 
(Output ‘‘On’’) 


Switching Times (Figure 2) 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay (Figure 3) | fa | —] 30] 


Fan-Out | 
(Ty = -55 to +125°C) 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 


oo nw 
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Motorola Integrated Circuits 


mc21] 3 MC200 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 
Ve thru 10 


Forward Current 
Io 10 


Ip thru 5, 
7 thru 10 


Operating Temperature Range T -55 to +125 


Storage Temperature Range -65 to +175 


o Qo 
~ nn 
e e 
6 
a 


G = ABC H=CDE H 


3 — 3 NAND/NOR GATE 
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Motorola Integrated Circuits 


MC213 (continued) 
ELECTRICAL CHARACTERISTICS (Vs = 4 Vdc, Vi = 0, Ts = 25°C unless otherwise noted) 


ee OCC 


Output Breakdown Voltage 
(Ip = 1 wAdc, Vg = 0) 
(Iyq = 1 Adc, Vy = 0) 


Output Saturation Voltage 
(Ip = 8 mAdc, Vg = V4 = V5 =2 Vdc, Ty = -55 to +125°C) 
(I1g = 8 mAdc, V_ = Vg = Vg = 2 Vde, Ty = -55 to +125°C) 


Output “Off” Voltage 
(Iz = 100 pAde, V3 = 0.7 Vde, Ty = -55 to +125°C) 
io = 100 pAde, Vy = 0.7 Vde, Ty = -55 to +125°C) 


Input Breakdown Voltage 


(Ig = 10 pAdc, V4 = 0) 
(Ig = 10 pAdc, V3 = 0) 
(I5 ‘= 10 pAdc, Vg = 0) 
(I7 = 10 Adc, Vg = 0) 
(Ig = 10 pAde, Vy = 0) 
(Ig = 10 wAdec, V7 = 0) 


Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs =0, T; = 125°C) 


Input Turn-Off Current 
(Alternately V3, Va» V5, V 7” Vg, V 9* 0) 
(Alternately V3, V4, V5» Va, Vg; Vo = 0, T; = -55 to +125°C) 


Output Capacitance 
(Vo = 2.0 Vdc, V3 = 0, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vio = 2.0 Vde, V7 = 0, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 


Input Capacitance 


(Vg = 2 Vde, V;, = 25 mVrms,f = 1 mc, unused pins grounded) 
(V4 = 2 Vdc, Vi. = 25 mVrms, f = 1 mc, unused pins grounded) 
(V5 = 2 Vdc, Vi, = 25 mVrms, f = 1 me, unused pins grounded) 
(V7 = 2 Vde, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vg = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vg = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 


Power Consumption from Power Supply 
(Output ‘‘Off’’, Vz = Vy = Q) 
(Output ‘‘On’’) 


Switching Times (Figure 2) 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay (Figure 3) 


Fan-Out 
(Ty = -55 to +125°C) 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 


PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 


1 FREQ. OSC. 
2X NO. STAGES 


7 STAGES 


SWITCHING TIME WAVE FORMS 


AVERAGE t,, PER STAGE = 


TEKTRONIX 
110 


OUTPUT 


TEKTRONIX 
581 


PULSE 
GENERATOR OSCILLOSCOPE) 


OR 
EQUIVALENT 


OR 
EQUIVALENT 
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mc215 MC200 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic AND Gate. 


MAXIMUM RATINGS (Ta= 25°C) 


Characteristics 


Applied Voltage 


Vo, 3, 7 thru 10 “e 


+8 
Forward Current +30 


Operating Temperature Range -55 to +125 


Storage Temperature Range | -65 to +175 


CIRCUIT SCHEMATIC 


6 


1 
5 U 0 4 
8 e e e C) e 


7 8 9 10 2 3 
DUAL “‘AND”’ GATE 
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Motorola Integrated Circuits 
MC215 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


Characteristics Symbol Cc 


Diode Breakdown Voltage 
(Ip 3, 107 10 pAdc, V 


47V,=9 


(I 1, 8, 9 = 10 uAdc, V = 0) 


5 


| Diode Forward Voltage 


7, 8,97 179% 


= V, =0) 
(I, = 2 mAdc, V 


Diode Reverse Leakage Current 
(Vo 3, 19 75 Vde, V4=V, =0) 


=5 Vdc, V,=V, =0, T, = 125°C) 


4 1 a | 
=V,=0) 


(Vo 3, 10 


(Va 8, 97 5 Vde, V, 
= 5 Vdc, V 


=V,=0, T, = 125°C) 


(Vr gg 57 Vy 


| Input Capacitance 
(Vo 3, 10 =2 Vde, V,=V,=0, f=1 me, 


Vin = 25 mVrms, unused inputs grounded) 
(Via 8, g=2Vde, V>=V, =0, f=1 me, 


Le = 25 mVrms, unused inputs grounded) 


Reverse Recovery Time 
(Tre 3, 107 tre, 3, 1072 MAdC, Vg = Vy = 0, 
recover to 0.2 mAdc) 
(Ip7 gs, 9 = Jp7, 8, 92 mAdc, V5 =V, = 0, 
recover to 0.2 mAdc) 


Resistor Isolation Leakage nAdc | 
(V_ = 5 Vde, V4= V5 = 0) 600 


Resistor Current 
(Ve =4Vdc, V 


oy) 


(V_=4Vde, Vz =V, = 0) 


5 


Diode Forward Conductance Change with 
Temperature 


AV ro, 3, 10 
AVE7, 8, 9 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 
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Motorola Integrated Circuits 


MC200 DTL SERIES 


mc217 


Diode Transistor Logic Dual-Diode Array. 


MAXIMUM RATINGS (Ta=25°) 


Characteristics 


Applied Voltage 
Vo, 3, 7 thru 10 


Forward Current 30 


Io thru 5, 7 thru 10 


Operating Temperature Range -55 to +125 


-65 to +175 


Storage Temperature Range 


TTY 


DUAL DIODE ARRAY 
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Motorola Integrated Circuits 


MC217 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


=n pee, 


Diode Breakdown Voltage 
(I, 3, 107 10 uAdc, V 


(ly gg 10uAde, V 


4a7Vy = 0) 


57 ¥, "9 


Diode Forward Voltage 
(I, = 2 mAdc, Vo, 3, 10 


= V 


=V, =0) 


(I, = 2 mAdc, V 0) 


7,8,9° ‘1~ 
Diode Reverse Leakage Current 
(Vo 3, 107 5 Vdc, V4 = V1 = 0) 


= 5 Vdc, V = 0, T, = 125°C) 


4 1 7 I 
=V, = 9) 


(Vo 3, 10 =v 


(Vo 8, 97 5 Vdc, V 


(Va 8, 9 = 5 Vdc, V 


5 


=V,=0, Ty = 125°C) 


5 1 


Input Capacitance 
(Vo 3, 107 2Vde, V,=V,=0, f=1 me, 


Vj, = 25 mVrms, unused inputs groui:ded) 


Vj, = 29 mVrms, unused inputs grounded) 


Reverse Recovery Time 


(I = 2 mAdc, V,=V 


F2, 3, 10~ Re, 3, 10 eT eS oe 
recover to 0.2 mAdc) 

(Tp7 g, 9 * Ry, 8, 9 = 2 mAde, V5 =V, = 0, 
recover to 0.2 mAdc) 


Diode Forward Conductance Change with 
Temperature 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 
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Motorola Integrated Circuits 


mc250 DTL series 


rg Sz 
ABS 
Ae 


SUFFIX ‘‘F’’ DEVICES SUFFIX “G’’ DEVICES 
CASE 72 CASE 71 
(TO-5) 


Commercial monolithic integrated Diode Transistor 
Logic circuits for low-power, high-speed applications. 
The MC250 series operates over a temperature range 
of 0 to +75°C and provides guaranteed performance at 
25°C; 


«“ 


SERIES MC250 DTL CIRCUITS 


3 Maximum 
Typical Power Dissipati 
stay Propagation pation Maximum 
Description Delay Output Off | Output On Fan Out 
| (nsec) (mW) | (mW) (0 to +-75°C) 


4-Input NAND/NOR Gate 
3-Input NAND/NOR Gate 
6-Input Diode AND Gate 
3-Input Power NAND/NOR Gate 


Line Driver 20(MC251) 
15(MC259) 


Dual (2-2) Input NAND/NOR Gate 
Dual (3-2) Input NAND/NOR Gate 
Dual (3-2)Input NAND/NOR Gate 
Flip-Flop 

Flip-Flop 

Dual (3-3) Input NAND/NOR Gate 
Dual (3-3) Input NAND/NOR Gate 
Dual (3-3) Input AND Gate 
Dual-Diode Array 
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Motorola Integrated Circuits 


mc 251 MC250 DTL SERIES 


mc252 


4-Input and 3-Input Diode Transistor Logic NAND/ 
NOR Gates. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


ee 


_ lt 


Operating Temperature Range 0 to | Oto ws 


CIRCUIT AND LOGIC DIAGRAMS 


< 


4,6 thru 10 


< 


) 


4-INPUT NAND/NOR GATE MC251 


6 O O 4 
NAND NOR 
("UP" LEVEL = MI®) ("DOWN" LEVEL = a a 
20 A A 
O3E B zr B 
Cc C 
A7 OQ D- D 
B8 O 
E = ABCD E= A+B+C+D 
c9 O : O05 — 1 
D10 O 
3-INPUT NAND/NOR GATE MC252 
NAND NOR 


("UP" LEVEL -"'1")  ("DOWN" LEVEL - "1") 
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-——— Motorola Integrated Circuits 


MC251, MC252 (continued) (Vs = 4 Vde, Vs = 2 Vde, Vi = 0, 
ELECTRICAL CHARACTERISTICS Ts = 25°C unless otherwise noted) 


DUIDUE: Breakdown Voltage 


(Iz = 5uAdc, Vs gf 0) 


"1" Output Current 


(V,, = 1.0Vdc, V, = 5Vdc) 


= 5Vdc, 


3 


= 0.75Vdc, V 
= 75°C) 

= 1,1Vdc, V 
ie 0°C) 


3 


a. = 5Vdc, 


"0O'' Output Current 
(V, = 2.0Vdc, V 


Ty = 0to 75 C) 


3 7 0. 55Vdc, 


Input Breakdown Voltage* 
(Diode under test at 5Vdc, 
All other diodes = 0) 


Input Leakage Current* 


(Diode under test at 5Vdc, all 
other inputs = 0) 


(Diode under test at 5Vdc, all 


other inputs = 0, Ty = 75°C) 
Input Turn-Off Current* | re mAdc 
7,8, 9, id 
(Alternately Va» Var Vo »Vig = 0) - - -2.3 
(Alternately Va» Vo» Vor "107 = 0, - - -2.5 


T, = 0 to 75°C) 


Output Capacitance 
(Vo = 2, 0Vdc, Va = 0, Vion 25mVrms, 


f = lmc, unused pins grounded) 


Input Capacitance* 


(V, = 2Vdc, Vin 


f = lmc, unused pins grounded) 
= 2Vdc, Vin = 25mVrms, 


lmc, unused pins grounded) 
V, = 2Vdc, Vi = 25mVrms, 


lmc, unused pins grounded) 
Vn, = 2Vdc, Vin = 25mVrms, 


= 25mVrms, 


Load Resistor Current 


(V, = 0) 


Power Consumption from Power Supply 
(Output "Off", Vy = 0) 


(Output On") 


Switching Times 
Turn-On Delay 


Turn-Off Delay 


* Input Diode at pin 10 available on MC251 only 
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—— Motorola Integrated Circuits ——— 


mc 2523 MC250 DTL SERIES 


6-Input Diode Transistor Logic AND Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


ee 


Applied Voltage 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


aT ao [ao 


Diode Breakdown Voltage 


V3 thru 8 


= 10 ,Adc, V 


(1 thru 8 10=V ,=0) 


Diode Forward Voltage 


= 2mAdc, V = 0) 


O46 3 thru 8 


Diode. Reverse Leakage Current I, thru 8 


= 5Vdc, V =V =0) 


(V3 thru 8 10 


(v = 5Vdc, V,,=V,=0, T.=75°C 


3 thru 8 10 1 J 


Input Capacitance Cy thru 8 


(V. ety gr2Vvde, ViorV 179 f=1mc, 
Via eomVrms, unused inputs 


grounded) 


Reverse Recovery Time 


=2mAdc, 


Qe 3 thru 8 = 'R3 thru 8 
7 Vv, = 0, recover to 0. 2mAdc) 


Resistor Current Iy 


/ 


= 4Vdc, V 


Resistor Temperature Coefficient 


Diode Forward Conductance Change with 
Temperature Veg thru 8 mv/°C 
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Moforola Integrated Circuits 


MC253 (continued) 

MC253 6-DIODE “‘AND’’ GATE 
ey Cy, fae a ee SE of 9 
1 

10 
3 
: 5 10 
6 
8 
ar 1 
7 3 4 5 6 7 8 = 
mc 254 MC250 DTL SERIES 


3-Input Diode Transistor Logic NAND/NOR Power 
Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


Characteristic 


Applied Voltage 


MC254 POWER GATE 


C) = @ 
| 6 
D = ABC 
B8 
U 7 
3D 8 3 
= | | 


e 
10 H) 
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MC254 (continued) (Vs = 4 Vde, Vs==2Vde,Vi=0, 
ELECTRICAL CHARACTERISTICS Ts = 25°C unless otherwise noted) 


Characteristic Symbol Minimum 
Output Breakdown Voltage 
(I, = 5uAdc, V, = 0 7 


Typical 


7 


"1" Output Current 
(Vig oem 1. 0Vdc, V, = 5V de) 
(Vag or 9 = % 75Vdc, Va = oVde, 
T; = 75° C) 

=1,.1Vdc, V 


(Vig or 9 SVM, 


T,=0 C) 


3 


"O" Output Current 
(Vi Sono = 2.0Vdc, V5 = 0. 55, 
T; = 0 to 75°C) 


Input Breakdown Voltage 
(I, = 10uAdc, Ve = 0) 


(Ip = 10uAdc, V, = 0) 
(Ig = 10uAdc, Va = 0) 


Input Leakage Current 

(Vv, = 5Vdc, Ve = 0) 

(Vv, = 5Vdc, Ve = 0, Ty; S19) 
(Ve, = 5Vdc, Vy = 0) 
(Ve, = 5Vdc, Va = 0, T; = 75°C) 
(Vo = 5Vdc, V 


ee, 
(V. = 5Vde, V, = 0, T, = 75°C) 


Input Turn-Off Current 
(Alternately, V, V, V 


7, 8, 97 

(Alternately, Vz, Ve, Vo 
= 0 to 75°C) 

Vio= 0) 


= 0) 
=0, 


Output Capacitance 
(V. = 2.0Vdc, Vin = 25mVrms, 


f = lmc, unused pins grounded) 


Input Capacitance 
(VV, = 2.0Vdc, V., = 25mVrms, 


f= 1mc, unused pins grounded) 


= 2.0Vdc, Vin = 25mVrms, 


(Ve 
f = lmc, unused pins grounded) 


(Vg = 2.0Vdc, Vin = 25mVrms, 
= lmc, unused pins grounded) 
Power Supply 
(Output "OFF", Va = 0) 
(Output ''ON") 


Switching Times 
Turn-On Delay 


Turn-Off Delay 


Motorola Integrated Circuits 


mc255 MC250 DTL SERIES 


Diode Transistor Logic Line Driver. 


MAXIMUM RATINGS (Ts = 25°C) 


ee 


Applied Voltage + 
+ 


6 

-6 

8 

Forward Current I, 8, 10 30 


MC255 


10 


LINE DRIVER 
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Motorola Integrated Circuits ——— 


MC255 (continued) 


(Ve = 4 Vdc, Vs = 2 Vde, Vi = O, 
ELECTRICAL CHARACTERISTICS Ts = 25°C unless otherwise noted) 


Output Saturation Voltage 
(I, = 30mAdc, T, = 0°C to +75°C 


J 


Output Voltage, '"Off'' Level 
(I, = 10mAdc, V, = 0. 7Vdc, 
T; = 0 to 75°C) 


8 


Input Breakdown Voltage 
(Ip = 10uAdc, Vio = 0) 


= 10uAde, Vy = 0) 


8 
BV 15 8.0 


(ly 


Input Leakage Current 
(Ve = 5Vdc,. Vio = 0) 


(V, = 5Vde, V1) =0, T 
(V9 = SVdc, Vz = 0) 


(V,, = 5Vde, Vg = 0, T; = 75° C) 


= 75°C) 


J 


10 


Turn-Off Current at Inputs 


Vee Ig 
(Vg =0, T, = 0 to +78°C) I, 
(Vig = 9) lig 
(Vig = 0) Ty = 0 to +75°C) Le 


=S =~ oi 
— -— CO © 
Oo Oo 


125 


Load Resistor 


Input Capacitance 
(V, = 2Vdce, V.. = 25mVrms, 
8 > "in 


f-lmc, unused pins grounded) 
(Vio = 2Vdc, Vin= 25mVrms, 


f=lmc, unused pins grounded) 


Power Consumption from Power Supply 
(Output "Off", V, = 0) 


8 
(Output ''On"') 


Switching Times 
Turn-On Delay 


Turn-Off Delay 


tote 


Average Propagation Delay 
(Cy = 1000pf) t 


uo} 
Qa 
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mc 256 MC250 DTL SERIES 


Dual (2-2) Input Diode Transistor Logic con 
Gate. 


MAXIMUM RATINGS (Tj — 25°C unless otherwise noted) 


Applied Voltage 


Forward Current 
110 
I 


2 thru 4, 
7 thru 10 


Storage Temperature Range -65 to +175 pa 
MC256 


6 6 
3 a 
2 10 
4 8 
1 1 
es 


5 = 


T stg 


2-2 NAND/NOR GATE 


O 6 
O 9 
O 2E 
A3 QO 
B4 © 1 
c7 0 05 
O 10E 
D8 OC 
E=AB F=CD 1 
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MC256 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc, Vs = 2 Vde, Vi = O, Ts = 25°C unless otherwise noted) 


Output Breakdown Voltage 
(I, = 5uAdc, V3 = 0) 


= 5uAdc, Va = 0) 


To 
"1" Output Current 
(V. = 1,0Vdc, Vo 
(V, = 0.75Vde, V 
T; = 75°C) 
(V, = 1.1Vde, V 
Ty = 0° C) 
(V, = 1.0Vdc, Vj, 
(V, = 0. 75Vdc, Vio 
T; = 75° C) 
(VV, =1,1Vdc, V 
Ty; = 0° C) 


= 5Vdc) 
9 oVdc, 


27 oVde, 
= 5Vdc) 
= 5Vdc, 


107 5Vdc, 


"or Output Current 
(V4 = 2,0Vdc, Vo 


T; = 0 to 75°C) 
(V,, = 2.0Vde, V 


Ty =0 to 75 C) 


= 0.55Vdc, 


19 = 0» 55Vde, 


Input BreakDown Voltage 
(I, = 10uAdc, Vv, = 0) 


(I, = 10uAdc, V, = 0) 
(I, = 10#Adc, Vz = 0) 
(I, = 10uAde, V, = 0) 


Input Leakage Current 
(Diode under test at 5Vdc, all 


other inputs = 0) 
(Diode under test at 5Vdc, all 
other inputs = 0, Ty = 75°C) 


Input Turn-Off Current 
(Alternately Vs Va ¥a,%e = 0) 
(Alternately V3 V4,"7,%9 = 0, 


Ty = 0 to 75° C) 


Output Capacitance 
(Vo = 2.0Vdc, V, = 9, V., = 25mVrms 


f = 1mc, unused pins grounded 
Vio = 2,.0Vdc, V,=9, Vin = 25mVrms, 


f= 1mc, unused pins grounded) 
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Motorola Integrated Circuits 


MC256 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic symtot | Typical 


Input Capacitance 
(V, = 2Vdc, V.. = 25mVrms, f = lmc, 
3 in 


unused pins grounded) 
(V, =2Vdec, V.. = 25mVrms, f = Imc 
4 ” “in , 


unused pins grounded) 
(V, = 2Vdc, V.. = 25mVrms, f = Imc, 
7 in 


unused pins grounded) 
(V, = 2Vde, V, = 25mVrms, f = 1mc 


unused pins grounded) 


Load Resistor Current 
(Vg = 0) 

Power Consumption from Power Supply 
(Output "Off", Ve = Vy = 0) 
(Output ''On"’) 


Switching Times 
Turn-On Delay 


Turn-Off Delay 


Average Propagation Delay 


mc 25/7 MC250 DTL SERIES 


Dual (3-2) Input Diode Transistor Logic NAND/NOR 
Gate. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 
3\4, 
6 thru 9 


Forward Current 
Tp 10 
Io thru 4, 
7 thru 10 


Operating Temperature Range -0 to +75 
Storage Temperature Range -65 to +175 
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MC257 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc. Vs = 2 Vdc, Vi = O,: Ts = 25°C unless otherwise noted) 


Output Breakdown 20) 
(I, = 5uAdc, V., = 0) 


= 5uAdc, v, = 0) 


Os 


"1" Output Current 


(V. = 1.0Vdc, Vy = 5Vde 
(V, = 0.75Vdc, V, = 5Vde, 
T; = 75°C) 
(V, = 1.1Vde, V, = 5Vdc, 
T, = 0°C) 
(V, = 1.0Vde, V, 4 = 5Vdc) 
(V, = 0. 75Vde, Vj, = 5Vdc, 
T= 15°C) 

J 
(Vv, =1.1Vdc, Vio = 5Vdc, 


T= 0 C) 


"0" Output Current 


(V. = 2.0Vdc, Vo = 0.55Vdc, 
T; = 0 to 75°C) 
(V, = 2.0Vdc, Vi0 = 0. 55Vdc, 


T, = 0to 75 C) 


Input Breakdown Voltage 
(I, = 10uAdc, V4 = 0) 


(I, = 10uAdc, V, = 0) 
(I, = 10uAdc, V 

(I, = 10u Adc, Vv 
(Ip = 10Adc, WV 


Input Leakage Current 


(Diode under test at 5Vdc, all 
other inputs = 0) 

(Diode under test at 5Vdc, all 
other inputs = 0, Ty = 75° C) 


Input Turn-Off Current 


(Alternately N 9: Migs Va. Mg. g= 0) 
(Alternately V ae vi Vg. g=9, 


T, = 0 to 75°C) 


Output Capacitance 
(V, =2.0Vdce, V, =0, V,. = 25mVrms, 
2 3 in 


f = lmc, unused pins grounded) 
(V19 = 2-0Vde, V,=0, V,, = 25mVrms, 


f = 1mc, unused pins grounded) 
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MC257 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Input Capacitance 
(V, = 2Vdc, Wie = 25mVrms, 


f = lmc, unused pins grounded) 
(V4 = 2Vdc, Vin = 25mVrms, 


f = 1mc, unused pins grounded) 
(Ve = 2Vde, V, = 25mVrms, 


f = 1mc, unused pins grounded) 
Ve. = 2Vdc, Vin = 25mVrms, 


f = 1mc, unused pins grounded) 
(Vo = 2Vdc, Vinee 25mVrms, 


f = lmc, unused pins grounded) 
Power Consumption from Power Supply 
(Output ''Off", V3 = Va = 0) 
(Output ''On'') 
Switching Times 
Turn-On Delay 
Turn-Off Delay 


MC257 
6 6 
3 7 
2 8 10 
4 9 
J 1 
5s a By) cae 


3-2 NAND/NOR GATE 


6O 
O 2F 
A3 O 


B4 QO 1 
O05 
C7 QO 
O 10G 
D8 OC 
E9 O 1 


F-AB G=CDE = 
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mc 258 MC250 DTL SERIES 


Dual (3-2) Input Diode Transistor Logic NAND/NOR 
Gate. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 


V3, 4,6 thru 9 
V 


Forward Current 


Tp 10 


1) thru 4, 
| 7 thru 10 
Mc258 


5 — 


6 6 
3 2 7 
8 
4 9 
1 1 
2 


3-2 NAND/NOR GATE 


FSAB  GsCDE 
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MC258 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc, Vs = 2 Vdc, Vi = 0, Ts = 25°C unless otherwise noted) 


Characteristic 


Output Saturation Voltage 
(I, = 8mAdc, Vz = V4 = 2Vdc, Vo 
= 0 to 75° C) 
107 8mAdc, Vy =V,= = 2Vdc Vio 
T; = 0 to 75° C) 


Output "'Off'' Voltage 
(I, = 100uAdc, Vg= 1. 0Vdc 9 3. 
= 100HAdc, V, = 0.75Vdc, 9 3 

Ty = 75°C) 

(I, = 100uAdc, V, = 1.1Vde, : 
Ty = 0° C) 
Ih = 100uAdc, V, = 1. 0Vdc 3.5 
ho = 100uAdc, Vy = 0. 75Vdc, 
T, = 75°C) 

107 100uAdc, Vy = 1.1Vdc, 

Ty = 0° C) 


Input Breakdown Voltage 
(I,= 10uAdc, Vy = 0) 


(I, = 10uAdc, V, = 0) 
(I, = 10uAdc, Ve = 0) 
(I, = 10HAdc, V, = 0) 
(Ip = 10#Ade, V, = 0) 


Typical 


Input Leakage Current 


(Diode under test at 5Vdc, all 
other inputs = 0) 

(Diode under test at 5Vdc, all 
other inputs = 0, Ty; = 75°C) 


Input Turn-Off Current 


(Alternately V3. Vi Va, Va, Vo= 
(Alternately V 


3, Vy Vq, Mg Ng 
T, =0to 75°C) 


0) 
0, 


Output Capacitance 
(Vo = 2.0Vde, V,=0, V, = 25mVrms, 


f = lmc, unused pins grounded) 


(Vio = 2,.0Vdc, Vn = 0, Vin = 25mVrms, 


f= 1mc, unused pins grounded) 
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MC258 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Input Capacitance 
(V., =2Vdc, V.. = 25mVrms, 
3 in 


unused pins grounded) 
(V, = 2Vdc, V,. = 25mVrms, 
4 ? “in 


unused pins grounded) 
(VV, = 2Vdc, V.. = 25mVrms, 
m : 


unused pins grounded) 
(V, = 2Vdc, V.. = 25mVrms 
8 in 


unused pins grounded) 
(Vy = 2Vde, V,, = 25mVrms, 
in 


unused pins grounded) 

Power Consumption Power Supply 
(Output "Off", V3 = Vy = 
(output ''On"') 

Switching Times 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay 


mc259 MC250 DTL SERIES 


MAXIMUM RATINGS (Ts = 25°C) 


Characteristic 


Applied Voltage 


Forward Current 


13,4, 
7 thru 10 


Operating Temperature Range 


Storage Temperature Range 
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MC259 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc, Vs = 2 Vde, Vi = O, Ts = 25°C unless otherwise noted) 


cs Logic |Logic 
Characteristic Symbol | State Typical 


OUTPUT LEVEL 
"Off" Voltage 


(I, = -200uAdc, Vv, = 0. 55Vdc, Vdc 

Vn = 2.0Vdc, Ty = 0 to 75°C) 

(I, = -200uAdc, V4 = 2,.0Vdc, Vde 

Vy = 0.6Vdc, Ty = 0 to 75°C) 

"On" Voltage 

(Ip = 16mAdc, Ma = 2,0Vdc, Vde 

Ve = 0. 55Vdc, Ty = 0 to 75° C) 

(I, = 16mAdc, V, = 0.55Vdc, Vde 

Vn = 2.0Vdc, Ty = 0 to 75°C) 

DIRECT SET-RESET INPUTS 

"Up" Voltage Sp 1 v4 2.0 - - Vde 
Ry 1 Va 2.0 - - Vdc 

"Down" Voltage So 0 Vy - - 0.55 Vdc 
Rp 0 Vn - - 0. 55 Vdc 

"Up" Current 

(Vv, = 5Vdc, T; = 75°C) Sp 1 I, - - 25 uAdc 

(V,, = 5Vdc, T; = 19 ©) Rp 1 I, ~ - 25 uAdc 

"Down" Current 

(Vv, = 0) - - -2.3 mAdc 

(Vv, = 0) mAdc 

CLOCKED SET-RESET INPUTS 

"Down" Current 

(Vo 10 7% Ty = 25 C) mAdc 

(Vo 107% Ty = 25 C) mAdc 

Effective Clock Input pf 


Capacitance 


SWITCHING TIME 
Clocked Set-Reset Mode | 
Turn-On Delay 


Turn-Off Delay 


Direct Set-Reset Mode 
Turn-On Delay 


Turn-Off Delay 


POWER CONSUMPTION 
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MC259 (continued) 


MC259 BINARY ELEMENT 


mc 260 MC250 DTL SERIES 


Diode Transistor Logic Flip-Flop. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


— Ls : 


+8 
~8 
+50 
~30 
stg 
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Forward Current 
3,7 


? 
. 3, 4, 
7 thru 10 


Operating Temperature Range 
Storage Temperature Range 


Motorola Integrated Circuits 


MC260 (continued) 


ELECTRICAL CHARACTERISTICS (Vs = 4 Vde, Vs = 2 Vde, Vi = 0, Ts = 25°C) 


Se de 


OUTPUT LEVEL 
"Off"' Voltage 
(I, = -200uAdc, V4 = 0. 55Vdc, 


Momentarily connect pin 2 to 
-2.0Vdc, T, = 0 to 75° C) 
(I, = -200uAdc, V4 = 2.0Vdc, 


Ty =0 to 75 C) 


Vdc 


Vdc 


"On" Voltage 
(I, = 16mAdc, V4 = 2.0Vdc, 


Momentarily connect pin 2 to 
-2.,0Vdc, Ty = 0 to 75°C) 


(I, = 16mAde, V,, = 0.55Vde, 
= 0 to 75°C) 


Vdc 


Vdc 


4 


15 


DIRECT SET INPUT CURRENT 
"Up" Current 
(V Pe dVdce, T 


= 78°C) S 1 I uAde 


"Down" Current 


(V, = 0) Sy 0 ij 


mAdc 


CLOCKED SET-RESET INPUTS 
"Down" Current 
(V =0,°T = 78° €) Ss I 
8,9 


J 
(Vo 197% T, = 78°C) R L 


Effective Clock Input 
Capacitance 
(Vo = 2.0Vdc, V2 


(V1 = 2-0Vde, V 
(V, = 4.0Vdq) 


SWITCHING TIME 
Clocked Set-Reset Mode 
Turn-On Delay 
Turn-Off Delay 
Direct Set Mode 
Turn-On Delay 
Turn-Off Delay nsec 


seen ff ep 


= 0Vde) C 


9 = OV dc) Cc 


11-81 


Motorola Integrated Circuits 


MC260 (continued) 


MC260 


O 6 


on _ 


: a 


D9 
2Ro 


O 
C9 5 C10 
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mc 262 MC250 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 
V 3 thru 9 


2,10 


Forward Current 


Tp 10 


1) thru 5, 
7 thru 10 


MC262 
6 6 
3 2 7 10 
4 8 
5 9 
1 1 


3-3 NAND/NOR GATE 


O 6 
A3 O 
O 2G 

B40 
C5 O 1 
D7 O 1 

— O 10H 
E8 O 
F9 O 1 


G=ABC H=DEF — 
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MC262 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc, Vs = 2 Vde, Vi = 0, Tu = 25°C unless otherwise noted) 


Output Breakdown O° 
(I, = 54Adc, V, = 0) 


= 5uAde, v, = 0) 


Qh 


"1" Output Current 


(V, = 1,0Vdc, Vo = 5Vdc) 

(V. = 0. 75Vdc, Vo = 5Vdc, 
Ty = 75°C) 

(V, =1.1Vdc, Vo = 5Vdc, 

T; = 0°C) 

(Vv, = 1.0Vdc, Vio = 5Vdc) 
(V, 0. 75Vdc, Vio = 5Vdc, 
Ts = 75°C) 

(V, =1,1Vdc, Vio = 5Vdc, 
T; = 0° €) 


"0" Output Current 


Vi = 2Vdc, Vo = 0.55, 
T; = 0 to 75°C) 

Vin = 2Vdc, Vio = 0. 55, 
T; = 0 to 75°C) 


Input Breakdown Voltage 
(I, = 10uAdc, V4 = 0) 
(I, = 10uAdc, V5 = 0) 
(I, = 10uAde, V, = 0) 
(I, = 10uAdc, V 
(I, = 10uAdc, 
(Ip = 10uAdc, 


Input Leakage Current 


(Diode under test at 5Vdc, all 
other inputs = 0) 

(Diode under test at 5Vdc, all 
other inputs = 0, Ty = 75°C) 


Input Turn-Off Current 


ied V3 v 4, Vn, Vg. 
= 0) 


eee V 
Vv 


ce Pa es 


=0, T; Miers 


9 
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MC262 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


een oe | | 


pf 
Cy 10 
Cio 10 


Output Capacitance 
(Vo = 2.0Vdc, V3 


f = lmc, unused pins grounded) 
(Vio = 2.0Vdc, V7 =9, Vin = 25mVrms, 


f{ = lmc, unused pins grounded) 


= 0, V.. = 25mVrms, 
in 


Input Capacitance 
(V, = 2Vde, V,. = 25mVrms, f =1mc, 
3 in 


unused pins grounded) 
(V, = 2Vdc, V. = 25mVrms, f = 1mc, 
4 ? “in 
unused pins grounded) 
(V,. = 2Vde, V.. = 25mVrms, f = imc, 
5) 7 “in 
unused pins grounded) 
(V, - 2Vdce, V.. = 25mVrms, f = lmc, 
in 
unused pins grounded) 
(Ve, = 2Vdc, Vin= 25mVrms, f =1mc, 


unused pins grounded) 
(Vo = 2Vdc, V. = 25mVrms, f{=1mc, 
in 


Power Consumption from Power Supply 
(Output "Off", Vz = V, = 0) 


7 
(Output ''On"') 


| Switching Times 
Turn-On Delay t - - 60 


Turn-Off Delay tee - - 60 
baci AO A NE I IS ae! 
ee 8 ay 
mce263 MC250 DTL SERIES | Y 


Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Characteristic 


Applied Voltage 


Forward Current 


1,10 


2 thru 5, 
7 thru 10 
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MC263 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vde, Vs = 2 Vdc, Vi = 0, Ts = 25°C unless otherwise noted) 


ae a KB EI 


Output Breakdown Voltage 
(I, = 5uAdc, V5 0) 


= 5uAdc, v, = 0) 


Qi 


Vo 
Vio 


Output Saturation Voltage 


(1, = 8mAdc, Vg=V4= Vee 2Vdc, 
Ty = 0 to 75° C) 
(1,9 = 8mAdc, Vy =Vs= Vg = 2Vdc, 


= 0 to 75°C) 


Output "Off'' Voltage 


(I, = 100uAdc, V3 = 0. 7Vdc, 

T; = 0 to 75°C) 

(I, = 100“Adc, V, = 0. 7Vde, 
y= 0 to 75°C) 


Input Breakdown Voltage 
(I, = 10uAdc, V4= 0) 


(I, = 10WAde, V, = 0) 
(I, = 10uAde, V, = 0) 
(I, = 10uAde, V, = 0) 
(I, = 10uAdc, Va = 0) 
(Ip = 10uAdc, Vy = 0) 


Input Leakage Current 


(Diode under test at 5Vdc, all 
other inputs = 0) 

(Diode under test at 5Vdc, all 
other inputs = 0, T 7 75° C) 


Input Turn-Off Current 


(Alternately V3, V4. Les Va Ve, 
Vg = 0) 


(Alternately V3. Lee V 5,4, V9. 
Vv 


9 = 9, 7, =0'to 15°C) 


Output Capacitance 


(Vp = 2.0Vdc, V, = 0, V,_ 


25mVrms, f=i1mc, snieed 
pins grounded) 
(Vv, 9 = 2. OVdc, V,=9, Vin 


asada f=1mc, unused 
pins grounded 
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MC263 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


ll Te 


Input Capacitance 
(Vo = 2Vdce, V,. = 25mVrms, 
in 
f= lmc, unused pins grounded) 
(Vy, = 2Vdc, V.. = 25mVrms, 
in 
f= 1mc, unused pins grounded) 
(V. = 2Vdc, V.. = 25mVrms, 
5 ? “in 
f = lmc, unused pins grounded) 
(Vv, = 2Vdce, V. = 25mVrms, 
in 
f = lmc, unused pins grounded) 
(Ve = 2Vdc, V.. = 25mVrms, 
in 
f = lmc, unused pins grounded) 
(Vg = 2Vde, V, = 25mVrms, 
in 
f= 1mc, unused pins grounded) 


Power Consumption from Power Supply 
(Output "Off", V, = Vn = 0) 


(Output ''On"') 


3 


Switching Times 
Turn-On Delay 


Turn-Off Delay 


Average Propagation Delay 


Treen eee ehgyagene tree Ay ROT ad ar ET Te wel 


G-ABC H=CDE 10H O 
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mc 265 | MC250 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic AND Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


Characteristic | Symbol 


Applied Voltage 


ee 
Vdc 


+8 


0 
Ve +8 


Storage Temperature Range -65 to +175 
MC265 


6 
10 
9 4 
3 
1 


DUAL ‘“‘AND”’ GATE 
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MC265 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic | Symbol 


Diode Breakdown Voltage 
(Ip 3, 107 10u Adc, V, = Vy = 0) 


(7 8,9 = 10uAdc, V, =V, = 0) 


Diode Forward Voltage 
(I, = 2mAdc, Vo, 3, 10 = vy = 0) 


(I, = 2mAdc, Ve 8,9 - Vi = 0) 


Diode Reverse Leakage Current 


= 5Vde, V 
= 5Vdc, V 


=V, = 0) 
=V,=0, 


4 
4 


Input Capacitance 


(Vo 310 = 2Vde, Vy= Vy = 0, 


f= 1me, V, = 25mVrms, unused 


inputs grounded) 


= 2Vde, V,=V, = 0, 


f= 1mc, Vin = 25mVrms, unused 


pins grounded) 


Reverse Recovery Time 


(Ire 3,10 = Re, 3,10 = 2mAde, 
V,=V, = 0, recover to 0.2mAdc) 


(p7,8,9 = IR7,8,9 = 2mAde, 


V, = V, = 0, recover to 0.2mAdc) 


Resistor Isolation Leakage 
(Ve = 5Vdc, V, = Vv. = 0) 


Resistor Current 
(Ve = 4Vdce, V, 


(Ve = 4Vde, Vz 


Resistor Temperature Coefficient 


Diode Forward Conductance Change 


~ -_-_ 
yaa <i 
Cy o ~1 Gy 
Il @— © Hl 
aoe 3 
° I 1 ° 
Qaag & 
ae 
6 § 
<< 
ao ao 
u I 
<< 
— 
u il 
Oo O&O 
° — 
ct 
1 et <J 
Tr NN = 
~ vy 
Cc © & oo 
~~ ~e a ne 
oOo © oo 
Co c 
ow 


=V, = 9) 
=V, = 0) 


ro 
e © 
w 


AV 52,3, 10 


with Temperature AV F7, 8,9 
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uAdc 


eh 


nsec 


mAdc 


%/° C 
mv/°C 


Q 


Motorola Integrated Circuits 


mc 267 MC250 DTL SERIES 


Diode Transistor Logic Dual-Diode Array. 


MAXIMUM RATINGS (Ta = 25°C) 


Characteristic | symboh 


Applied Voltage 
V 
2, ? 
7 thru 10 


Forward Current I, thru 5 30 mAdc 
- thru 10 


Storage Temperature Range -65 to +175 


oOo © «] 

is 
on 
i 
WON © 

il 
Ay 


DUAL DIODE ARRAY 


4 
2 3 10 
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MC267 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


Characteristic } symbol | simu | Typical 


Diode Breakdown Voltage 


ae 7 
(ly 3,10 =10uAdc, V,=V Vv 
(y g.9 = 10uAdc, V 
Diode Forward Voltage ae Vde 
(I, = 2mAdc, V = = 0. 85 

(I, = 2mAdc, V = = 0. 85 
Diode Reverse Leakage Current uAdc 
(Vo 3. 19 7 bVae, V,= Vy = 0) ly 3,10 ~ ~ 0.50 

(Vo. 3,10 = Vdc, V4=Vy = 0, 25 

T; =15°C) 


Input Capacitance 
(Vo. 3, 10 = 2Vdc, Va=Vy 


f=1mc, V.. = 25mVrms, 
in 


so} 


= 0, 


unused inputs grounded) 
(Va 9.9 = 2Vde, V5 =V, = 0, 


f=l1mce, V.. = 25mVrms, 
in 


unused inputs grounded) 


Reverse Recovery Time 


(Ip 3,10 = IR2,3, 10 = 2mAde, 
V, E vi = 0, Recover to 0.2mAdc) 
(p7 8,9 = 4R7,8,9 = 2mAde 

= V, = 0, recover to 0.2mAdc) 


nsec 


tpr2, 3, 10 


tort, 8,9 


Diode Forward Conductance Change AV 


with Temperature AV 


F2, 3,10 mv /° C 


FT, 8, 9 


\ 
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usNME DTL series 


Monolithic integrated Diode Transistor Logic cir- 
cuits designed to provide all of the basic logic func- 
tions in a digital computer. The ME USN Series 
is intended for high-speed logic applications over a. 
temperature range of -55 to +125°C. 


CASE 71 
(TO-5) 


Series USN ME1 DTL Circuits 


Switching Time Power 


Recovery Time Dissipation 
(mW) 


Description (nsec) (nsec) 


3-4 Diode AND Gate 
2-2-2 Diode AND Gate 
1-1-1-2 Diode AND Gate 
8-Diode AND Gate 

Dual Inverters 

9-Diode Common-P Gate 
9-Diode Common-N Gate 


16-Diode Series/Parallel Matrix 


SWITCHING TIME TEST CIRCUIT FOR INVERTERS (ME5) 


TERMINAL | QT 

65 ve ar Se Sa ae 

aa ee an a 

ae ee ae ee ee 

e 
100 ohms 
NOTES 

D (1) Turn-on time for the circut is defined as the time 
3V OUTPUT interval from a point 10°. up from the minimum 
C PE: amplitude on the leading edge of the input pulse 
: SCOPE: to a point 90°% down from the maximum ampli- 


IN914’s 
or 
t. = t, =5nsec max — equiv. 


PW = 100 nsec 


rep. rate => 60 cps 


(2) Turn-off time for the circuit is defined as the time 
interval from a point 10° down from the max- 


imum amplitude on the trailing edge of the input 
Pas pulse to a point 50°. down from the maximum 
amplitude on the trailing edge of the output pulse. 


UNIT UNDER TEST 
(3) Adjust C; to 20 pf (includes scope and stray ca- 


pacitance.) 


idk ty = I nsec max tude on the leading edge of the output pulse. 
é 
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USN ME (continued) 


SWITCHING TIME TEST CIRCUIT FOR DIODE GATES 


10 Vdc +10 Vde 
J c 
6 Vdc + 20% 
| | B 
SWITCH S, 
0: 10 Vde D 
REPRE = 00 003 SWITCH § SWITCH S 
PW = 100 nse ' 
. OPEN CLOSED 
= TEST PROCEDURE 
(1) Open switch S, 
(2) Adjust input pulse of Q] for Q; fall time 
A (OUTPUT) which will result in output at terminal A 
TO SCOPE of 3 nanoseconds/volt positive slope for 


approximately 2.5 volts. 
(3) Note t, (2 volt level) 
(4) Close switch S, 
(5) Note t, (2 volt level) 


usn ME] USN ME DTL SERIES wen 


MIL-M-23700/1 (NAVY) 


CASE 71 _ 3-4 Diode AND Gate. 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Characteristic Symbol 


Forward Current 20 
Reverse Voltage 10 Volts 


Total Device Dissipation 200 mW 
Derate above 25°C 1.33 mW/°C 


Resistor Dissipation (Each Resistor) 100 mW 
Derate above 25°C 0.67 mwW/°C 


Operating Temperature HKange -55 to +125 oC 


Storage Temperature Range -65 to+175 
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USN ME! (continued) 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


ese TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 


525 0 It DIFFERENTIAL VOLTAGE FORWARD CURRENT 


ALTERNATELY ALTERNATELY 
CONNECTATO |6,7,8 | 1,2,9,&10 CONNECT A TO 1, 2, 4 THRU 10 


TABLE | GROUP A INSPECTION 


MIL-STD- Limits 
Examination or Test 750 Method Min/Max 


SUBGROUP 
Visual and Mechanical Examination 
SUBGROUP 2 
Forward Current (each diode - Fig. 2) 
V = 10 Vdc 
D-1 
Vv = 10 Vde 


D-2 
Vp-4 thru 10 7 1° Vde 


Reverse Current (each diode) 
Vj.3 = 10 Vde 13 
V5_37 10 Vde Ls 


V4 thru 10-3 ~ 1° Vde Ts thru 10-3 


SUBGROUP 3 


@ 
Differential Voltage (Fig. 2) 


( 
— —) 
5 ON co oO 


Saas 


i) 
a  ) 


SUBGROUP 4 


Capacitance (each diode) 


Vi, 2, 4 thru 10-3 = 10 Vae, 
f= 100 ke 
Reverse Recovery Time (Fig. 3) 


Connect Pin 3 to C. Pin 4 to D, 
alternately connect Pins 1, 2, 9, 
and 10 toB 

Connect Pin 3 to C, Pin 5 to D, 
alternately connect Pins 6, 7, 
and 8toB 

Connect Pin 3 to C, Pin 2 to D, 
and Pin 4toB 


Connect Pin 3 to C, Pin 6 to D, 
and Pin5toB 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections.’ 
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USN ME1 (continued) 


TABLE Il GROUP B INSPECTION 


ri 
MIL-STD-750 
Examination or Test Method LTPD 
SUBGROUP I 
Physical Dimensions 


SUBGROUP 2 
Soldering Heat (1 Cycle) 


2031 


1051 
Condition B 


Temperature Cycling 
(T = 175 nC) 


1056 
Condition A 


Thermal Shock 
(Glass Strain) 


Moisture Resistance 1021 


End Points: Same As Subgroup 7 


SUBGROUP 3 
Constant Acceleration 
(10, 000G, X, Y Yo) 


Shock (500G, 1 msec, 5 blows each in orientation 
X), Y) Yo: total of 15 blows. ) 


Vibration Fatigue 
(10G) 


2006 


2016 


2046 
Non-operating 


2056 


Vibration, Variable Frequency 
(10G) 
End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes 1, 2) 
Terminal Strength 2036 
(3 leads at random) Condition E 


SUBGROUP 6 


High Temp ar Life 
(Ta = 175°C 


End Points: a As Subgroup 7 


1031 


Non-operating 


SUBGROUP 7 

Steady State Operation Life 1026 
Yr 1,2, 4 thru 10-3 = 10V, f = 60 cps 
Pp(R,) = Pp (Ro) = 100 mW 

End Points: (Subgroups 2,3, 6 and 7) 

Forward Current 4011 


Vv = 10 Vdc 
D-1 
Vp-2 = 10 Vdc 


Vp-4 thru 10 = 10 Vae 


Reverse Current 4016 
.3 = 10 Vde 
v.53 = 10 Vdc 


V4 thru 10-3 ~ 10 Vde 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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USN ME DTL SERIES 


usn ME2 


MIL-M-23700/2 (NAVY) 


CASE 71 
(TO-5) 


2-2-2 Diode AND Gate. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Characteristic 


Forward Current 


Reverse Voltage 


Total Device Dissipation 
Derate above 25°C 


Resistor Dissipation (Each Resistor) 
Deraie above 25°C 


Operating Temperature Range 


Storage Temperature Range 


10 

300 

100 

0.67 
-55 to+ 125 


-65 to+175 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


10 Vde TERMINAL TEST CONNECTIONS 
DIFFERENTIAL VOLTAGE 


caer to | oto [ne [56 
CONNECT A TO 7,8 

Feowecrevo [1 [2 [4 
Ec 


11-96 


TERMINAL TEST CONNECTIONS 
FORWARD CURRENT 


ALTERNATELY 
CONNECT A TO 1, 2, 4 THRU 10 
NO CONNECTION TO B 


Motorola Integrated Circuits 
USN ME2 (continued) 


TABLE | GROUP A INSPECTION 


MIL-STD-750 sip Max Acc 
Examination or Test Method Symbol Min Max Unit LTPD Number 


SUBGROUP I 


Visual and Mechanical Examination 


REALAGE LEA I IT IO TT BNET SIE TIT IIE AIT SPIE TING IEE 


SUBGROUP 2 


Forward Current (each diode - Fig. 2) 4011 
Vp-] = 10 Vdc I5_) 
Vp-2 =10 Vdc 13-2 
VD-4 thru 10 = 10 Vde I3_4 thru 10 
Reverse Current (each diode) 
V}-3 = 10 Vde 
V2-3 = 10 Vdc 
V4 thru 10-3 = 10 Vdc 


SR PRT TER ES Ia NE TE TT EP I EIT 


SUBGROUP 3 


Differential Voltage (Fig. 2) 
Vp-5 = 10 Vdc, Ip.4 = 0.5 mAdc 
Vp-6 = 10 Vdc, Ip.4 = 0.5 mAdc 
Vp-7 = 10 Vdc, Ip.2g = 0.5 mAdc 
Vp-8 = 10 Vdc, Ip.g = 0.5 mAdc 
Vp-9 = 10 Vdc, Ip.) = 0.5 mAdc 
Vp-10 = 10 Vdc, Ip-j = 0.5 mAdc 


SUBGROUP 4 
Capacitance (each diode) 
Vi, 2, 4 thru 10-3 = 10 Vdc, f = 100 kc 


‘Reverse Recovery Time (Fig. 3) 


Connect Pin 3 to C, Pin 1 to D, 

alternately connect Pins 9 and 10 to B 

Connect Pin 3 to C, Pin 2 to D, 

alternately connect Pins 7 and 8 to B 

Connect Pin 3 to C, Pin 4 to D, 

alternately connect Pins 5 and § to B 

Connect Pin 3 to C, Pin 9 to D, and Pinl toB 
Conneet Pin 3 to C, Pin 7 to D, and Pin 2 to B 
Connect Pin 3 to C, Pin 5 to D, and Pin4toB 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 


QUALITY ASSURANCE PROVISIONS 


Qualification approval: Required. 


Qualification inspection: Group A and group B inspections as shown in Tables I and II. Sampling shall be in 
accordance with Appendix D of MIL-M-23700. 


Quality conformance inspection: Group A and group B inspections as shown in Tables Iand I Sampling for 
group A inspection shall be in accordance with procedure I, Appendix D of MIL-M-23700.. Procedure IC 
may be used. A device having one or more defects shall be counted as one defective. Sampling for group 
B inspection shall be in accordance with procedure I (procedure IC may be used), of Appendix D of MIL- 
M-23700, except for life tests which shall be in accordance with procedure I. 


Quality conformance inspection information: When specified in the contract or order, one copy of the quality 
conformance inspection data pertinent to the inspection lot shall accompany the shipments. 
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USN ME2 (continued) 
TABLE If GROUP B INSPECTION 


Examination or Test 


Motorola Integrated Circuits 


MIL-STD-750 
Method 


| SUBGROUP I 
Physical Dimensions 


SUBGROUP 2 
Soldering Heat (1 Cycle) 


Temperature Cycling 
(T = 175°C) 


Thermal Shock 
(Glass Strain) 


Moisture Resistance 
End Points: Same As Subgroup 7 


| SUBGROUP 3 
Constant Acceleration 
(10,000G, X, Y) Yo) 


Shock (500G, 1 msec,:‘5 blows each in orientation 
Xj, Y), Yo, total of 15 blows. ) 


Vibration Fatigue 
(10G) 
Vibration, Variable Frequency 
(10G) 
End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes 1, 2) 


Terminal Strength 
(3 léads at random) 


SUBGROUP 5 (Notes 1, 3) 
Salt Atmosphere (Corrosion) 


SUBGROUP 6 
High Temp erature Life 
(Ta = 175 C) 
End Points: Same As Subgroup 7 


SUBGROUP 7 
Steady State Operation Life 
pr 2, 4 thru 10-3 = 10V, f = 60 cps 
Pp (R} = Pp (Ro) = Pp (R3) = 100 mW 
End Points: ae 2,3,6 and 7) 


Forward Current (Fig. 2) 
Vp-1,= 10 Vdc 
Vp-2 = 10 Vdc 
VD-4 thru 10 = 

Reverse Current 

10 Vde 
10 Vdc 


10 Vde 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 


for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 


2031 


1051 
Condition B 


1056 
Condition A 


102) 


2006 


2016 


2046 
Non-operating 
2056 


2036 
Condition E 


Non-operating 
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USN ME3 USN ME DTL SERIES [ MES. | 


MIL-M-23700/3 (NAVY) 


CASE 71 1-1-1-2 Diode AND Gate. 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 
Characteristic Symbol Rating 


Forward Current 


Reverse Voltage 


Total Device Dissipation 400 


Derate above 25°C 2.67 


Resistor Dissipation (Each Resistor) 100 
Derate above 25°C 0.67 


Operating Temperature Range -55 to+125 


Storage Temperature HKange -65 to+175 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


10 Vde TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
DIFFERENTIAL VOLTAGE FORWARD CURRENT 


ALTERNATELY 
CONNECT A TO 1, 2, 4 THRU 10 
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USN MES3 (continued) 
TABLE | GROUP A INSPECTION 


| MIL-STD-750 Limits Max Acc 
Examination or Test Method Symbol Min Max Unit LTPD Number 


SUBGROUP I 
Visual and Mechanical Examination 


Forward Current (each diode - Fig. 2) 
Vp.) = 10 Vde I5_) 
Vp-2 = 10 Vdc 13.9 
VD-4 thru 10 = 10 Vde 3-4 thru 10 
Reverse Current (each diode) 
V}-3 = 10 Vdc 
V9-3 = 10 Vde 19-3 
V4 thru 10-3 = 10 Vde lq thru 10-3 


SUBGROUP 2 
Differential Voltage (Fig. 2) 
Vp-8 = 10 Vdc, In-10= 0.5 mAdc 
Vp-9 = 10 Vdc, Ip-19= 9. 5 mAdc 
0.5 mAdc 


0 
0 


a 


-9 mAdc 
.9 mAdc 


SUBGROUP 4 


Capacitance (each diode) 
V1,2,4 thru 10-3 = 10 Vdc, f = 100kec 


Reverse Recovery Time (Fig. 3) 
Connect Pin 3 to C, Pin 10 to D, 
alternately connect Pins 8 and 9 toB 
Connect Pin 3 to C, Pin 1 to b, 
and Pin7 toB 


Connect Pin 3 to C, Pin 2 to D, 
and Pin 6 toB 


Connect Pin 3 to C, Pin 4 to D, 
and Pin5toB 


Connect Pin 3 to C, Pin 5 to D, 
and Pin 4 to B 


Connect Pin 3 to C, Pin 6 to D, 
and Pin 2 toB 


Connect Pin 3 to C, Pin 7 to D, 
and Pin 1 to B 


Connect Pin 3 to C, Pin 8 to D, 
and Pin 10 toB 


‘NOTE: Letter denotes test circuit connection points. Number subscripts denote device pin 


QUALITY ASSURANCE PROVISIONS 


Qualification approval: Required. 


Qualification inspection: Group A and group B inspections as shown in Tables I and II, Sampling shall be in 
accordance with Appendix D of MIL-M-23700. 


Quality conformance inspection: Group A and group B inspections as shown in Tables I and I. Sampling for 
group A inspection shall be in accordance with procedure I, Appendix D of MIL-M-23700. Procedure IC 
may be used. A device having one or more defects shall be counted as one defective. Sampling for group 
B inspection shall be in accordance with procedure I (procedure IC may be used), of Appendix D of MIL- 
M-23700, except for life tests which shall be in accordance with procedure IL. 


Quality conformance inspection information: When specified in the contract or order, one copy of the quality 
conformance inspection data pertinent to the inspection lot shall accompany the shipments. 
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Motorola Integrated Circuits 


USN MES (continued) 


TABLE I! GROUP B INSPECTION 


Limits 
MIL-STD-750 ace 
Examination or Test Method LTPO 
SUBGROUP I 
Physical Dimensions 


SUBGROUP 2 
Soldering Heat (1 Cycle) 2031 


Temperature Cycling 1051 
(T = 175°C) Condition B 


Thermal Shock 1056 
(Glass Strain) Condition A 


Moisture Resistance 1021 
End Points: Same As Subgroup 7 


SUBGROUP 3 
Constant Acceleration 
(10, 000G, X, Ln Yo) 


Shock (500G, 1 msec, 5 blows each in orientation 
X); Y) Yo» total of 15 blows. ) 


Vibration Fatigue 
(10G) 


Vibration, Variable Frequency 
(10G) 
End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes 1, 2) 
Terminal Strength 2036 
(3 leads at random) Condition E 


STIBGROUP 5 (Notes |, 3) 
Salt Atmosphere (Corrosion) 


SUBGROUP 6 
High Temperature Life 
Res = 175°C) Non-operating 


nd Points: Same As Subgroup 7 


SUBGROUP 7 
Steady State Operation Life 
pl g.d thre = 10V, f = 60 cps 
Pp (R 1) = Pp IR = Pn (R3) = = Pp(Rq) = 100 mW 
End Points: (Subgroups 2, 3, 6 and 7) 
Forward Current 
Vp-1 = 10 Vdc 
Vp-2 = 10 Vdc 
VD-4 thru 10 = 
Reverse Current 
10 Vdc 
10 Vdc 


V4 thru 10-3 = 10 Vdc 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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Motorola Integrated Circuits 


USN ME4 USN ME DTL SERIES | MES | 
MIL-M-23700/4 (NAVY) 


CASE 71 8-Diode AND Gate. 


(TO-5) 


Forward Current 
Reverse Voltage 


Total Device Dissipation . oo 100 
Derate above 25°C 0.667 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


TABLE | GROUP A INSPECTION (Ta= 25°C) 


Limits 
———— Max Acc 
Examination or Test Symbol Min Max Unit LTPD Number 


SUBGROUP I 
Visual and Mechanical Examination 
SUBGROUP 2 


Forward Current (each diode - Fig. 2) 
Vp- 1 = 10 Vdc 
Vp-2 =,10 Vdc 


Vp-4 thru 10 = 10 Vde 13-4 thru 10 


Reyecne Current (each diode) 
Vo- 3 = = 10 Vdc Ip_3 


V4 thrn 10-3 = 10 Vdc Ig thru 10-3 ~~ 


SUBGROUP 3 
Differential Voltage (Fig. 2) 

Vp. 5 = 10 Vde, Ip_4 = 0.5 mAdc 
5 mAdc 


ww WwW W OW ® O 
ooooooce 


= 0. 
= 0. 
= 0. 
= 0. 

= 0. 


Vp-10 = 10 Vde, Ip_ 
4=0 
4=0 


D- 
Ip. 
1D- 4 
p- 4 
Vp-1 = 10 Vdc, Ip- 
2 = 10 Vdc, Ip. 


SUBGROUP 4 


Capacitance (each diode) 
V1, 2, 4 thrul0-3 = 10 Vdc, f= 100 kc 


Reverse Recovery Time (Fig. 3) 
Connect Pin 3 to C, Pin 4 to D, 
alternately connect Pins f, 2, 5, 6, 7, 8, 
9, and 10 toB 
Connect Pin 3 to C, Pin 1 to D, 
and Pin 4toB 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 
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Motorola Integrated Circuits 


USN ME4 (continued) 


TABLE Il GROUP B INSPECTION 


MIL-STD-750 
Examination or Test Method 


SUBGROUP I 
Physical Dimensions 


SUBGROUP ¢ 
Soldering Heat (1 Cycle) 2031 
Temperature Cycling 1051 

(T = 175°C) Condition B 


Thermal Shock 1056 

(Glass Strain) Condition A 
Moisture Resistance 1021 
End Points: Same As Subgroup 7 


SUBGROUP 3 

Constant Acceleration 2006 
(10,000G, Xj, Y,, Yo) 

Shock (500G, 1 msec, 5 blows each in 2016 


orientation 
X, Y» ‘Y,, total of 15 blows. ) 


Vibration Fatigue 2046 
(10G) Non-operating 
Vibration, Variable Frequency 2056 
(10G) 
End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes l, 2) 
Terminal Strength 2036 
(3 leads at random) Condition E 
SUBGROUP 5 (Notes 1, 3) 
Salt Atmosphere (Corrosion) 1041 


SUBGROUP 6 
High Temperature Life 1031 
(T, = 175°C) Non-operating 


End Points: Same As Subgroup 7 


SUBGROUP 7 

Steady State Operation Life 
“r 1,2,4 thru 10-3 = 10V, f - 60 cps 
Pp = 100 mW 

End Points: (Subgroups 2,3, 6 and 7) 


Forward Current (Fig 2) 
Vv = 10 Vde 
D-1 Ig _ 
Vp.9 = 10 Vde ae 
Vp-4 thru 10 * 10 Vde 13-4 thru 10 
Reverse Current 
V,_. = 10 Vde I 
vo = 10 Vde ae 


V4 thru 10-3 10 Vde I4 thru 10-3 


NOTE 1. Tests listed in these subgroups are considered destructive. 
NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 


for evidence of mechanical damage. 
NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


how TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
525.9 It DIFFERENTIAL VOLTAGE FORWARD CURRENT 


1% = ALTERNATELY ALTERNATELY 
CONNECT A TO 1, 2, 5 THRU 10 CONNECT A TO 1, 2, 4 THRU 10 


B NOT CONNECTED 


™) 9&o 


1% _y CONNECT C TO 
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Motorola Integrated Circuits 


USN ME5 USN ME DTL SERIES | MES | 


MIL-M-23700/5 (NAVY) 


CASE 71 
(TO-5) 


Dual high-speed, NPN transistor inverters. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Characteristic 


Reverse Voltage 


Total Device Dissipation 
Derate above 25°C 
Individual Gate Dissipation 
Derate above 25°C 
Resistor Dissipation 
R, or Ro 
Derate above 25°C 
Rj or Rq 
Nerate above 25°C 
Operating Temperature Range -99 to +125 


Storage Temperature Range .% -65 to +175 


SWITCHING TIME TEST CIRCUIT 


6.5 Vde 


1000 OHMS 270 OHMS 


[ [ae 100 ohms 


NOTES 
(1) Turn-on time for the circuit is defined as the time 
3V OUTPUT interval from a point 10% up from the minimum 
| | : amplitude on the leading edge of the input pulse 
SCOPE: to a point 90% down from the maximum ampli- 


IN914’s 
or 
t,=t, =5nsecmax equiv. 


PW = 100 nsec 


rep. rate => 60 cps 


(2) Turn-off time for the circuit is defined as the time 
interval from a point 10% down from the max- 


imum amplitude on the trailing edge of the input 
ey pulse to a point 50% down from the maximum 
amplitude on the trailing edge of the output pulse. 


UNIT UNDER TEST 


$ 
A | (T t, = 1 nsec max tude on the leading edge of the output pulse. 
! es 
(3) Adjust C; to 20 pf (includes scope and stray. ca- 
pacitance.) 
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Motorola Integrated Circuits 


USN MES (continued) 
TABLE | GROUP A INSPECTION 


MIL-STD-750 imits Max Acc 


L 
Examination or Test Method Symbol Min/Max Unit LPTD Number 


SUBGROUP I 
Visual and Mechanical Examination 


SUBGROUP 2 - Q) 
Static Input Voltage Drop 
Ig_5 = 35 mAdc, Ig_5 = 1.5 mAdc 
Colleccor - Emitter Saturation Voltage 3071 VCE(sat) 4-5 
I4_5 = 35 mAdc, Ig.5 = 1.5 mAdc 
Base - Emitters Conduction Current 
V7.5 = 10 Vdc 
Collector Resistor Current 
V3.4 = 3 Vdc 
Turn-On Time (Fig. 2) 
Va_e = -6.5 Vdc, V3.5 = +3 Vdc, Close 
switch So 
Turn-Off Time ee eae 
= -6.5 Cc R= + Cc, ose 
s¥itch S, eek: 


~ SUBGROUP 3 - Q, 


Static Input Voltage Drop V9-10 
I-10 = 35 mAdc, Ig_10 = 1.5 mAdc 

Collector - Emitter Saturation Voltage 3071 =Vop e 
I,_yq = 35 mAdc, Ig.i9 = 1.5 mAdc (sat)1-10 
1-10 

Base-Emitter Conduction Current 13.10 
Vg-10 = 10 Vdc 

Collector Resistor Current Ip.) 
Vo-1 = 3 Vdc 

Turn-On Time (Fig. 2) t 


Vg-10 = -6.5 Vdc, V9-19 = +3 Vdc, Close 
switch So 


Turn-Off Time (Fig. 2) 
switch S, 
SUBGROUP 4 
High Temperature Operation 


Collector - Emitter Cutoff Current 
Va_- = 10 Vdc, V__. = -6.5Vdc, Ta = +85°C 
3~5 7-5 A a 
V2-10 = 10 Vdc, Vg_i9 = -6.5Vdc, Ty = +85 C 


on 


SUBGROUP 5 
Low Temperature Operation 


DC Forward Current Transfer Ratio 
V4.5 = 0.5 Vde, Iy_s = 35 mAdc, Ty, = -55°C 
Vj-19 = 9-5 Vde, fig = 35 mAdc, fy = -65°C 


SUBGROUP 6 

DC Forward - Current Transfer Ratio 
V4-5 = 0.5 Vdc, I -5 = 35 mAdc 
V)-10 = 0.5 Vdc, ii = 35 mAdc 


Collector - Emitter Cutoff Current 
Ig_5 = 10 Vdc, Vq-5 = -6.5 Vdc 
I9-10 = 10 Vdc, Vg-10 = -6.5 Vde 

Reverse Current 
V7.6 = 10 Vde 
Vg_g = 10 Vde 


QUALITY ASSURANCE PROVISIONS 


Qualification approval: Required. 

Qualification inspection: Group A and group B inspections as shown in Tables I and Il, Sampling shall be in 
accordance with Appendix D of MIL-M-23700. 

Quality conformance inspection: Group A and group B inspections as shown in Tables I and Il. Sampling for 
group A inspection shall be in accordance with procedure I, Appendix D of MIL-M-23700. Procedure IC 
may be used. A device having one gr more defects shall be counted as one defective. Sampling for group 
B inspection shall be in accordance with procedure I (procedure IC may be used), of Appendix D of MIL- 
M-23700, except for life tests which shall be in accordance with procedure II. 


Quality conformance inspection information: When specified in the contract or order, one copy of the quality 
conformance inspection data pertinent to the inspection lot shall accompany the shipments. 
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Motorola Integrated Circuits 


USN ME5 (continued) 


TABLE If GROUP B INSPECTION 


MIL-STD-750 
Examinatic: or Test Method 


SUBGROUP 2 
Soldering Heat (1 Cycle) 2031 
Temperature Cycling 1051 

(T = 175°C) Condition B 


Thermal Shock 1056 


(Glass Strain) Condition A 
Moisture Resistance 1021 


End Points: Same As Subgroup 7 


SUBGROUP 3 

Constant Acceleration 
{10,000G, X), Y) Yo) 

Shock (500G, 1 msec, 5 blows each in orientation 
X, Y), Yo» total of 15 blows. ) 


Vibration Fatigue 
(10G) 

Vibration, Variable Frequency 
(10G) 

End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes l, 2) 
Terminal Strength 
(3 leads at random) Condition E 


SUBGROUP 5 (Notes 1, 3) 
Salt Atmosphere (Corrosion) 


SUBGROUP 6 
High Temperature Life 

(Ty = 175 C) Non-operating 
End Points: Same As Subgroup 7 


SUBGROUP 7 


Steady State Operation Life 
V3_5 = 6.3 Vdc, Pin 7 connected to pin 3, 
4002 resistor connected between pins 3 and 4, 
SK 2 resistor connected between pins 3 and 6 
Vo-19 = 6.3 Vdc, pin 8 connected to pin 2, 
40022 resi .or connected between pins 1 and 2, 
5 KQ resistor connected between pins 2 and 9 
_End Points: (Subgroups 2, 3, 6, and 7) 
Collector - Emitter Cutoff current 
V3.5 = 10 Vdc, V7.5 = -6. 5 Vdc 
V9-j0 = 10 Vde, V8-10 = -6.5 Vde 
Base - Emitter Conduction Current 
V4.5 = 10 Vdc 
V3.10 = 10 Vdc 
Collector Resistor Current 


DC Forward Current Transfer Ratio 
V4-5 = 0.5 Vdc, 14.5 = 35 mAdc 
V}-10 = 0.5 Vde, I.j9 = 35 mAdc 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. . 


NOTE 3. The device shail be examined for destructive corrosion and illegible marking. 
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Motorola Integrated Circuits 


usn ME6 USN ME DTL SERIES 
MIL-M-23700 /6 (NAVY) 


9-Diode Common-P Gate. 


CASE 71 
(TO-5) 


MAXIMUM RATINGS (At 25°C) 


Characteristic Symbol 
Reverse Voltage (Each Diode) 


Total Device Current 


(Derate 2mA/‘C) 


Individual Diode Current 
(Derate 2mA/‘C) 


Operating Temperature Range 


TABLE | GROUP A INSPECTION 


MIL-STD-750 
Examination or Test - Method 
SUBGROUP I 
2071 


Visual and Mechanical 
40l1l 
4016 


Examination 


SUBGROUP 2 


Forward Voltage 
Tr1-2 thru 10 ~ 300 mAdc 
Reverse Current 
V2 thru 10-1 ~ 20 Vde 
Breakdown Voltage 
TR2 thru 10-1 ~ 10 #Ade 


SUBGROUP 3 


VFi-2 thru 10 


Te thru 10-1 


VR? thru 10-1 


Junction Capacitance 
Vo thru 10-1 = 10Vdc, f = 100kc 


Reverse Recovery Time 

(Ip = 300mAdc, Ip 10 thru 2-1 = 
60mAdc, 
Ry = 2.5, Scope Input 
Capacitance =& 4pf) 
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Motorola Integrated Circuits 


USN ME6 (continued) 


TABLE Il GROUP B INSPECTION 


MIL-STD-750 
Examination or Test Method 


SUBGROUP I 
Physical Dimensions 
SUBGROUP 2 
Soldering Heat (1 Cycle) 2031 


Temperature Cycling 1051 
(T = 175°C) Condition B 


Thermal Shock 1056 
(Glass Strain) Condition A 


Moisture Resistance 1021 
End Points: Same As Subgroup 7 
SUBGROUP 3 


Constant Acceleration | 2006 
(10,000G, Xj, Yp Yo) 


Shock (500G, 1 msec, 2016 


5 blows each in orientation 
X,, Y,, Yo, total of 15 blows. ) 
aes 2046 
Vibration Fatigue 7 
(10G) Non-operating 


Vibration, Variable Frequency 2056 
(10G) 


End Points: Same As Subgroup 7 
SUBGROUP 4 (Notes 1, 2) 


Terminal Strength 2036 
(3 leads at random) Condition E 


SUBGROUP 5 (Notes 1, 3) 


Salt Atmosphere (Corrosion) 
SUBGROUP 6 


High Temperature Life 1031 
(T A715 C) Non-operating 


End Points: Same As Subgroup 7 
SUBGROUP 7 


Steady State Operation Life 
Ip 2thru 10-1 = 300 mAdc, f = 60 cps 
Yr1-2 thru 10=32 Vdc 
End Points: (Subgroups 2, 3, 6, and 7) 


Forward Voltage 


IF1-2 thru 10 = 300 mAdc VF1-2 thru 10 


Reverse Current 
Vr2 thru 10-1 = 20 Vde IR2 thru 10-1 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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Motorola Integrated Circuits 


usw ME7 USN ME DTL SERIES oS 
MIL-M-23700/7 (NAVY) 


CASE 71 
(TO-5) 


9-Diode Common-N Gate. 


ABSOLUTE MAXIMUM RATINGS (At 25°C) 


40 


t 
Reverse Voltage (Each Diode) VR 


Total Device Current Ip 
(Derate 2mA/ C) 


Individual Diode Current 
(Derate 2mA/ C) 


Operating Temperature Range -65 to +175 


TABLE | GROUP A INSPECTION 


SUBGROUP I 
Visual and Mechanical Examination 2071 


SUBGROUP 2 
Forward Voltage 40n VF 
es eae: SOON AAE 2 thru 10-1 
Reverse Current 4016 IR 1-2 thru 10 
VR 1 - 2 thru 10 = 20Vde 
Breakdown Voltage VR 1 - 2 thru 10 
TR 1 - 2 thru 10 = 10 wAdc 


SUBGROUP 3 


Junction Capacitance C) - 2 thru 10 
V) - 2 thru 10 = 10Vdc, f = 100 kc 


Reverse Recovery Time t 
rri-10 thru 2 
60mAdc 
Capacitance < 4pf) at Ip /3) 
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USN MEZ7 (continued) 


Motorola Integrated Circuits 


TABLE Il GROUP B INSPECTION 


Examination or Test 
SUBGROUP I 
Physical Dimensions 
SUBGROUP 2 
Soldering Heat (1 Cycle) 


Temperature Cycling 
(T = 175°C) 


Thermal Shock 
(Glass Strain) 


Moisture Resistance 
End Points: Same As Subgroup 7 
SUBGROUP 3 


Constant Acceleration 
(10,000G, Xj, Yy Yo) 


Shock (500G, | msec, 5 blows each 
in orientation 


Xi, Yp Y>, total of 15 blows. ) 


Vibration Fatigue 
(l0G) 


Vibration, Variable Frequency 
(10G) 


End Points: Same As Subgroup 7 
SUBGROUP 4 (Notes 1, 2) 


Terminal Strength 
(3 leads at random) 


SUBGROUP 5 (Notes 1, 3) 


Salt Atmosphere (Corrosion) 
SUBGROUP 6 


High Temperature Life 
: (Ta = 175 C) 


End Points: Same As Subgroup 7 
SUBGROUP 7 


Steady State Operation Life 


lo 1-2 thru 19 = 300 mAdc, 


Yr 2 thru 10-1 — 32.V. f 60 cps 


End Points: (Subgroups 2,3,6, and 7) 


Forward Voltage 


TF 2 thru 10-1 ~ 300 mAdc 


Reverse Current 


YR 1-2 thru 10 = 20 Vde 


MIL-STD-750 
Method 


2031 


1051 
Condition B 


1056 
Condition A 


102) 


2006 


2016 
2046 
Non-operating 


2056 


2036 
Condition E 


Non-operating 


Ve 2 thru 10-1 


TR 1-2 thru 10 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 


for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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Motorola Integrated Circuits 


usn ME8 USN ME DTL SERIES Mee 


MIL-M-23700/8 (NAVY) 


CASE 71 
(TO-5) 


Rating 


Reverse Voltage (Each Diode) 


40 
Total Device Current 300 
(Derate 2mA/ C) 


Individual Diode Current 300 
(Derate 2mA/ C) 


Operating Temperature Range -65 to +175 


TABLE | GROUP A INSPECTION (At 25°C) 


Limits 
MIL-STD-750 aa 
Examination or Test Method LTPD 
SUBGROUP 
Visual and Mechanical Examination 2071 


SUBGROUP 2 


Forward Voltage 


Ir? thru 5-1 = 300 mAdc Vr thru 5-1 

IF] thru 10-1 = 300 mAdc VF7 thru 10-1 

Ipg-2 thru 5 = 300 mAdc F6-2 thru 5 
=300 mAdc VF6-7 thru 10 


TP6-7 thru 10 


Reverse Current 


WRI- 2 thru B= 20 Vdc PR1- 2 thru 5 2. 0 
VRi-7 thru 10 = 20 Vdc IR1-7 thru 10 2.0 
R2 thru 5-6 — 20 Vdc Tro thru 5-6 2.0 

VR7 thru 10-6 = 20 Vde IR7 thru 10-6 2.0 


Breakdown Voltage 


IR1-2 thru 5 = 10 Adc VR1-2 thru 5 ae 
IRi-7 thru 10 = 10 HAde VR1-7 thru 10 = 
IR2 thru 5-6 = 10 uAde VR2 thru 5-6 — 
IR7 thru 10-6 = 10 HAdc VR7 thru 10-6 meas 


SUBGROUP 3 
Capacitance 


V2 thru 5-6 = 10 Vdc, f== 100 ke C2 thru 5-6 
V7 thru 10-6 — = 10 Vdc, f= 100 kc C7 thru 10-6 
V1-2 thru 5 = 10 Vdc, f = 100 kc C1-2 thru 5 
V1 - 7 thru 10 ~ Vde, f = 100kc C44 thru 10 


Reverse Recovery Time 4031 
IF6-2 thru 5 = 300 mAdc, IR = 60 mAdc | Condition B 
IF6-7 thru 10 = 300 mAdc, Ip = 60 mAdc} (Except t,, 
Ir? thru B Be .1 = 300 mAdc, Ip = 60 mAdc, | measured 
Ry, = 2.9, Scope input ’ capacitance at Ip/3) 
I ae : 300 mAdc, I 60 mAdc 
a ia ) = ’ 
re Wa) Scope input bapacitanee 
=s4 pf 


trr 6-2 thru 5 
trr 6-7 thru 10 


trr 2 thru 5-1 


ter 7 thru 10-1 
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Motorola Integrated Circuits 


USN MES& (continued) 


TABLE Il GROUP B INSPECTION 


MIL-STD-750 


Examination or Test Method 


SUBGROUP I 
Physical Dimensions 


SUBGROUP 2 
Soldering Heat (1 Cycle) 


Temperature Cycling 


(T = 175°C) Condition B 
Thermal Shock 1056 
(Glass Strain) Condition A 


Moisture Resistance 1021 
End Points: Same As Subgroup 7 


SUBGROUP 3 


Constant Acceleration 
(10, 000G, X, ¥,, Yq) 


Shock (500G. 1 mses, 5 blows each in orientation 
X,, Y,, Y., total of 15 biows. ) 
oop sg 
Vibration Fatigue 

(10G) 


' Vibration, Variable Frequency 
(10G) 


End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes l, 2) . 
Terminal Strength 2036 


(3 leads at random) Condition E 


SUBGROUP 5 (Notes l, 3) 
Salt Atmosphere (Corrosion) 


SUBGROUP 6 


High Temperature Life 
End Points: Same As Subgroup 7 


Non-operating 


SUBGROUP 7 
Steady State Operation Life 


Connect pins 2, 3, 4, 5, 6, 7, 8, 9,and 1026 
10 together, connect resistors from pin 6 to 
ground and from pin 1 to ground (0) 
v2-0 = 32 Vac. Ig_g = 300 mA, Ip, = 300 mA, 
f = 60 cps (currents are average for 1/2 cycle) 
End Points: (Subgroups 2, 3, 6, and 7) 
Forward Voltage 4011 
Ire thru 5-1 = 300 mAdc V2 thru 5-1 
IF7 thru 10-1 = 300 mAdc VF7 thru 10-J 
Ip6-2 thru 5 = 300 mAdc V¥F6-2 thru 5 
IF6-7 thru 10 = 300 mAdc VF6-7 thru 10 
Reverse Current 4016 


VR1-2 thru 5 = 20 Vde InR1-2 thru 5 
VR1-7 thru 10 = 20 Vdc IR1-7 thru 10 
VR2 thru 5-6 = 20 Vde IR2 thru 5-6 


VR7 thru 10-6 = 20 Vde IR7 thru 10-6 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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MC ] I 1 1 DTL series 


Monolithic integrated Diode Transistor Logic circuits 
CASE 71 designed to provide all the basic logic functions in a 
(TO-5) digital computer. The MC1111 Series is intended for 
high-speed computer applications with a temperature 
range of -55 to +1259C. 


Recovery Switching Time Power 
Time toff Dissipation 
(mW) 


Description (nsec) (nsec) (nsec) 


MC1111 3-4 Diode AND Gate 
MC1112 2-2-2 Diode AND Gate 
MC1113 1-1-1-2 Diode AND Gate 
MC1114 8-Diode AND Gate 
MC1115 Dual Inverters 

MC1116 9-Diode Common-P Gate 
MC1117 9-Diode Common-N Gate 


MC1118 16-Diode Series/Parallel Matrix 
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Motorola Integrated Circuits 


MC1111-MC1118 DTL SERIES 
mc lil 
3-4 Diode AND Gate. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Total Device Dissipation 
Derate above 25°C 
Resistor Dissipation (Each Resistor) 100 mW 
Derate above 25°C 0.67 mw/°C 
Operating Temperature Range -55 to+125 


CIRCUIT SCHEMATIC 


D, D, 
6 © O5 
D, 
7©Q 
R, 1K 
D, 
8 © . 
O 3 
D, 
90 
Ds 
100 
R, 1K 
. D, 
10 
D, D, 
20 O 4 
4 DIODE “AND” GATE 


11-114 
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MC1111 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Forward Current (each diode - Fig. 2) 
Vp-1 = 10 Vdc 
Vp.2g = 10 Vdc I3_9 


Vp-4 thru 10 = 10 Vde 13-4 thru 10 


Reverse Current (each diode) 
V1.3 = 10 Vde 
V2-3 = 10 Vdc 
V4 thru 10-3 = 10 Vde 


Differential Voltage (Fig. 2) 
= 10 Vdc, Ip-5 = 0.5 mAdc 
10 Vdc, Ip.5 = 0.5 mAdc 
10 Vdc, In. 0.5 mAdc - 


10 Vdc, Ipn_4 = 0.5 mAdc 

10 Vde, In_4 = 0.5 mAdc 

g = 10 Vdc, Ipn.4 = 0.5 mAdc 
Vp-10 = 10 Vdc, Ip_4 = 0.5 mAdc 


Capacitance (each diode) 
Vi, 2, 4 thru 10-3 = 10 Vdc, f = 100 kc 
Reverse Recovery Time (Fig. 3) 


Connect Pin 3 to C, Pin 4 to D, 
alternately connect Pins 1, 2, 9, and 10 to B 


Connect Pin 3 to C, Pin 5 to D, 
alternately connect Pins 6, 7, and 8 to B 


Connect Pin 3 to C, Pin 2 to D, and Pin 4to B 
Connect Pin 3 to C, Pin 6 to D, and Pin 5 to B 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


p :10 Ve TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
5250 | DIFFERENTIAL VOLTAGE FORWARD CURRENT 
i + fase | | dimeat to | zenro 
= CONNECTATO {| 6,7,8 } 1,2,9, &10 CONNECT A TO 1, 2, 4 THRU 10 
rt Foomere vol s | « — 
A C B 20 K 
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mc 1112 MC1111-MC1118 DTL SERIES 


2-2-2 Diode AND Gate. 


MAXIMUM RATINGS (Ta = 25°C. unless otherwise noted) 


Characteristic Rating 


Forward Current 20 


Reverse Voltage 10 


Total Device Dissipation 300 
Derate above 25°C 2 


Resistor Dissipation (Each Resistor) 100 
Derate above 25°C 0.67 


Operating Temperature Range -55 to+125 


Storage Temperature Range . | -65 to+175 


CIRCUIT SCHEMATIC 


R, 
D, D, 
50 C) 4 
D, 
60 
R 
D, D, 
7Q () .2 
8 © R, 
D, D, 
9©Q O 1 
D, 
10 © 
@ 
3 


2—2—2 DIODE “AND” GATE 
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MC1112 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted 


Chats | Symbol twin] ax [tt 


Forward Current (each diode - Fig. 2) mAdc 


Vp-1 = 10 Vdc 13-1 8.3 10.1 
Vp-2 = 10 Vdc I3_9 8.3 10.1 
Vp-4 thru 10 = 10 Vde 13_4 thru 10 


Reverse Current (each diode) 


Vi-3 = 10 Vdc 11.3 
V9.3 = 10 Vdc I9_3 
V4 thru 10-3 = 10 Vde 14 thru 10-3 


Differential Voltage (Fig. 2) 


Vp-5 = 10 Vdc, Ip.4 = 0.5 mAdc 
Vp-6 = 10 Vdc, In_4g = 9.5 mAdc 
Vp-7 = 10 Vde, Ipn_» = 0.5 mAdc 
Vp-g = 10 Vdc, Ip_g = 0.5 mAdc 
Vp-9 = 10 Vdc, Ip_,; = 0.5 mAdc 


Vp-10 = 10 Vdc, Ip_; = 0.5 mAdc 


Capacitance (each diode) 
V1, 2,4 thru 10-3 = 10 Vdc, f = 100 kc 


Cc 


Reverse Recovery Time (Fig. 3) 


Connect Pin 3 to C, Pin 1 to D, 
alternately connect Pins 9 and 10 to B 


Connect Pin 3 to C, Pin 2 to D, 
alternately connect Pins 7 and 8 to B 


Connect Pin 3 to C, Pin 4to D, 
alternately connect Pins 5 and 6 to B 


Connect Pin 3 to C, Pin 9 to D, and Pin 1 to B 
Connect Pin 3 to C, Pin 7 to D, and Pin 2 to B 
Connect Pin 3 to C, Pin 5 to D, and Pin 4 toB 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


p 10 i TERMINAL TEST CONNECTIONS agree rec CONNECTIONS 
5250 | 7, DIFFERENTIAL VOLTAGE ORWARD CURRENT 


1% — ALTERNATELY ALTERNATELY 
<2 CONNECT A TO CONNECT A TO 1, 2,4 THRU 10 
ie A 


NO CONNECTION TO B 
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mc 1113 MC1111-MC1118 DTL SERIES 


j-1-1-2 Diode AND Gate. 


MAXIMUM RATINGS = (Ta= 25°C) 


Characteristic Rating 


Forward Current 20 
Reverse Voltage 10 


Total Device Dissipation 400 
Derate above 25°C 2.67 


Resistor Dissipation (Each Resistor) 100 
Derate above 25°C 0.67 


Operating Temperature Range -55 to +125 


Storage Temperature Range . -65 to+175 


CIRCUIT SCHEMATIC 


w® 
iy 
A 


1—1—1—2 DIODE “AND” GATE 
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MC1113 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Forward Current (each diode - Fig. 2) 
Vp-1 = 10 Vdc 

Vp-2 = 10 Vdc 

Vp-4 thru 10 ~ 10 Vde 


Reverse Current (each diode) 
V1.3 = 10 Vde I, .3 
V9.3 = 10 Vde I5_3 
V4 thru 10-3 = 10 Vdc 14 thru 10-3 


Differential Voltage (Fig. 2) 
Vp-g = 10 Vdc, Ipn-10 = 0.5 mAdc 
Vp-9 = 10 Vdc, In-10 = 0.5 mAdc 
Vp-7 10 Vde, In-1 0.5 mAdc 
Vp-6 = 10 Vdc, Ip.g = 0.5 mAdc 
Vp-5 = 10 Vdc, Ipn-4 = 0.5 mAdc 


Capacitance (each diode) 
V1, 2, 4 thru 10-3 = 10 Vde, f = 100 kc 
Reverse Recovery Time (Fig. 3) 


Connect Pin 3 to C, Pin 10 to D, 
alternately connect Pins 8 and 9 toB 


Connect Pin 3 to C, Pin 1 to D, and Pin 7 to B 
Connect Pin 3 to C, Pin 2 to D, and Pin 6 to B 
Connect Pin 3 to C, Pin 4 to D, and Pin 5 to B 
Connect Pin 3 to C, Pin 5 to D, and Pin 4 to B 
Connect Pin 3 to C, Pin 6 to D, and Pin 2 to B 
Connect Pin 3 to C, Pin 7 to D, and Pin 1 toB 
Connect Pin 3 to:C, Pin 8 to D, and Pin 10 to B 


NOTE: Letter denotes test circuit connection points. 
Number subscripts denote device pin connections. 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


p 10 Vdc TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
yaa I} DIFFERENTIAL VOLTAGE FORWARD CURRENT 
= CONNECT A TO CONNECT A TO 1, 2, 4 THRU 10 
rc 
ee enor ewneorn [| 
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mc | ] 14 MC1111-MC1118 DTL SERIES 


8-Diode AND Gate. 


MAXIMUM RATINGS (Ta = 25°C) 
Forward Current 20 | 
Reverse Voltage 10 


Total Device Dissipation 100 
Derate above 25°C 0.667 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


CIRCUIT SCHEMATIC 


U3 


D, 


O4 


8 DIODE “AND” GATE 
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MC1114 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Forward Current (each diode - Fig. 2) 
Vp-1 = 10 Vde 
Vp-2 = 10 Vdc 


Vp-4 thru 19 = 10 Vde 


Reverse Current (each diode) 
V;.3 = 10 Vde 
V9.3 = 10 Vdc 


V4 thru 10-3 = 10 Vde 


Differential Voltage (Fig. 2) 
Vp-5 = 10 Vdc, Ip.4 = 0.5 mAdc 
Vp-6 = 10 Vde, Ip_4 = 0.5 mAdc 
Vp-.7 = 10 Vdc, Ip-4 = 0.5 mAdc 
Vp-g = 10 Vdc, Ipn.4 = 0.5 mAdc 
Vp-9 = 10 Vdc, ID-4 = 0.5 mAdc 
Vp-10 = 10 Vdc, Ipn_4 = 0.5 mAdc 
VD-1 = 10 Vdc, Ip.4 = 0.5 mAdc 
Vp-2 = 10 Vdc, Ip_4 = 0.5 mAdc 


Capacitance (each diode) 
V1, 2,4 thru 10-3 = 10 Vde , f =100 kc 
Reverse Recovery Time (Fig. 3) 


Connect Pin 3 toC, Pin 4toD, 
alternately connect Pins 1, 2, 5, 6, 7, 8, 9, and 10 toB 


Connect Pin 3 to C, Pin 1 to D, and Pin 4to B 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 


TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
525 0 I DIFFERENTIAL VOLTAGE FORWARD CURRENT 


ALTERNATELY ALTERNATELY 
CONNECT A TO 1, 2, 5 THRU 10 CONNECT A TO 1, 2,4 THRU 10 
CONNECT C TO B NOT CONNECTED ee 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 
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mc 1115 MC1111-MC1118 DTL SERIES 


Dual high-speed, NPN transistor inverters. 


MAXIMUM RATINGS = (Ta= 25°C) 


Characteristic 


Reverse Voltage 


Total Device Dissipation 
Derate above 25°C 


Individual Gate Dissipation 
Derate above 25°C 


Resistor Dissipation 


Rj or Ro 
Derate above 25°C 


R3 or R4 
Derate above 25°C 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


CIRCUIT SCHEMATIC 


R, 2 400 R 
Storage Diode Storage Diode 


Gnd 


HIGH-SPEED DUAL INVERTER 
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MC1115 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 


Static Input Voltage Drop Vdc 
14-5 = 35 mAdc, Ig_5 = 1.5 mAdc Q1 V6.5 LZ 1.7 
I-19 = 35 mAdc, Ig_j9 = 1.5 mAdc Qo V9-10 12 1.7 
Collector-Emitter Saturation Voltage Vde 


I4.5 = 35 mAdc, Ig_5 = 1.5 mAdc Q) 


VcE(sat) 4-5 
Ij-19 = 35 mAdc, I9.19 = 1.5 mAdc Qo 


VcK(sat) 1-10 


mAdc 


Base-Emitter Conduction Current 
V7.5 = 10 Vde Qi 
Vg-10 = 10 Vdc 
Collector Resistor Current mAdc 
V3-4 = 3 Vdc Q} 
V9.1 = 3 Vde 


Collector-Emitter Cutoff Current 
Va_e = 10 Vdc, Vo_c = -6.5 Vde 
3-5 7-5 0 
V3.5 = 10 Vdc, V7_5 = -6.5 Vdc, Ta =+85°C 
V2-10 = 10 Vdc, Vg_10 = -6.5 Vdc 
Vo_19 = 10 Vde, Vg_1g -6.5 Vdc, Ta = +85°C 


pAdc 


nA 
Ig_g — 1100 
. -|z. 


eae 
RO) 
an 


Reverse Current 
V7.6 = 10 Vde 
Vg.g = 10 Vdc 


DC Forward Current Transfer Ratio 
V4.5 = 0.5 Vdc, 14.5 = 35 mAdc 
= 0.5 Vde, I4.5 = 35 mAdc, Ta = -55°C 
.o Vdc, 11-10 = 35 mAdc 
5 Vde, Iy_y9 = 35 mAdc, T, = -55°C 


0 
0 


> 

rr 

ga] 
— We wo 
oon 


Turn-On Time (Fig. 2) 
V7.5 = ~6.5 Vde, V3_5 = +3 Vdc, close switch Sp Q, 
Vg-19 = -6.5 Vdc, V9_10 = +3 Vdc, close switch S92 Qo 


Turn-Off Time (Fig. 2) 
V7.5 = -6.5 Vdc, V3.5 =+3 Vdc, close switch S; Q, 
Vg-10 = ~6.5 Vdc, Vo_19= +3 Vdc, close switch S, Qo 


nsec 


Ca 
e} 
= 
- 


NOTE: Number subscripts denote device pin connections 
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mc1116 MC1111-MC1118 DTL SERIES 
mel 117 
mc I 1 18 Multi-diode Gates. The MC1116 is a 9-Diode Com- 


mon-P Gate, the MC1117 is a 9-Diode Common-N Gate | 
and the MC1118 is a 16-Diode Series/Parallel Matrix. 


MAXIMUM RATINGS (All Types at 25°C) 


a 


Reverse Voltage (Each Diode) 


Total Device Current 


(Derate 2mA/“C) 


Individual Diode Current 
(Derate 2mA/°C) 


Operating Temperature Range 


MC 1116 (common P) 


MC1117 (common N) 
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MC1116, MC1117, MC1118 (continued) 
ELECTRICAL CHARACTERISTICS (Each Diode )-(25°C unless otherwise noted ) 


Characteristic 


Forward Voltage 
Ip = 300mAdc 


Reverse Current 
VR = 20Vdc 


Breakdown Voltage 
In = 10 pAdc 


Junction Capacitance 
VR = 10Vdc, f = 100KC 
MC1116, MC1117 
MC1118* 


Reverse Recovery Time 
(Ip = 300mAdc, IR = 60mAdc, 
R,, = 2.52, Scope Input Capacitance =4pf) 


* The actual capacitance of the individual diodes in the MC1118 is the same as in 
the MC1116/7. However, the measured capacitance is higher as shown, due 
to the series/parallel effects of the interconnection scheme. 


MC1118 (MATRIX) 
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mc9Q8 ee MC908 MILLIWATT RTL SERIES 


The Milliwatt RTL Line consists of seven monolithic, 
integrated Resistor-Transistor Logic circuits. These 
devices are designed for use over the full military 
temperature range of -55 to +125°9C. 


MC908G Adder 


MC909G Buffer 
CASE 96 MC910G Dual 2-Input Gate 
The mW RTL series MC911G 4-Input Gate 
MC912G Half-Adder 
MC913G Type D Flip-Flop 


MC921G Gate Expander 


MAXIMUM RATINGS § (Ta= 25°C) 


Maximum Applied Sas to pin 8 eae ene Gane 
(pulsed, <1 sec) 
Se RE 
(c aa 
Maximum | Maximum Applied Voltage to any input | Voltage | Maximum Applied Voltage to any input | any input 
eee ae Te 
IR 
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MC908 MILLIWATT RTL SERIES 


LOADING DIAGRAM (TOP VIEW) 


VALID FOR Voc = 3.00 VOLTS + 10% AND T 


A -59°C to +125°C 


MC908G MC909G 


MC910G 


MC912G MC913G 
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MC 908G mW RTL SERIES 
ADDER 


The MC908 is an RTL Adder. The binary half- 
adder function can be performed by connecting pin 1 to 
pin 3 and pin 2 to pin 5. The sum is available on pin 7 
while the carry is available on pin 6. The device may 
also be used as a data selector by connecting pin 1 to 
pin 3 and using pins 2 and 5 as data inputs. A full 
adder can be made utilizing two MC908s andoneMC911. 
Average power dissipation is 10MW at 25°C. 


ELECTRICAL CHARACTERISTICS 


Test -55 | .970 . 935 1.8 .650 | 3. 00] . 500 

Condition: +25 | . 805 750 1.8 . 450 | 3. 00}. 400 MC908G 

(Volts) +125] .590 | .555 1.8 . 260 | 3. 00]. 300 

Test Limits 


me || elt ae 
1 8 110 
110 

88 

88 


2 
1 8 
308 
418 
418 
220 
220 220 220 
1,2 220 220 220 
2 


, 2,3, 8 4 7 20 220 220 


Pulse 
Out 
2,5 8 1,4 80 nsec 
2,9 8 1,4 100 nsec 


SWITCHING TIME WAVE FORM 


Charac- 
teristics 


Input 
Current 


Output 
Current 


Loe) 
_ 
nN 
ny 


Saturation 
Voltage 


Output Vv (7) 
Leakage L (8) 
Current 


Switching 
Time 
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MC908G (continued) 
SWITCHING TIME TEST CIRCUIT 
Vac T.P. 1.8V T.P. 
C) CO) ) C) 
3.6K 
7502 
51 
1N3063 Or 
1. 5K Equiv. 
O 2N709 1.9K 
20pf 
Pulse In 
1N3063 Or 
oe be Equiv. 
500 ns 
= = as Ground 
Unused 
Input Pin 


LOGIC SYMBOLS AND FUNCTIONS (PER MiiL-STD-806B) 
8 


142) (345) 4 4 
POSITIVE LOGIC NEGATIVE LOGIC 


CIRCUIT DIAGRAM 


8©O 
Ro Ro Ro 
R, = 1.5K Typical 
Ry ewe 
1OQ 
R 
1 
i O5 
20 
C) 4 


30 
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mc909G mW RTL SERIES 


BUFFER 


The MC909 is an RTL Buffer designed to drive a 
greater number of loads than the basic Resistor Tran- 
sistor Logic circuit. Returning an input resistor to 

allows for capacitive coupling in multivibrator 
ante differentiator applications. Average power dissi- 
pation at 25°C and 50% duty cycle is 10 mW. 


ELECTRICAL CHARACTERISTICS 


Test -95 | .970 .935 | 1.8 | .650 | 3. 00/4. 27K 
Condition: +25 } . 805 .750 | 1.8 | .450 | 3.00) 4. 3K 
(Volts) +125} .590 .555 ] 1.8 | .260] 3.00/5K2 


MC909G 


Test Limits 
+25°C 


- 
SX) 
or 

° 
iv) 


Charac- 
teristics 


Min iin an * 
250 220 | wAdc 

250 uAdc 
aun 

230 | mVdc 
230 | mVdc 
mVdc 
mVdc 


nsec 
nsec 


Output 
Voltage 


Saturation 
Voltage 


Leakage 


Switching 
Time 
Turn-On |t 
Delay oats 
Turn-Off ty 
Delay 


* Resistor to Vo 


— 
Oo 
oO 


POSITIVE LOGIC NEGATIVE LOGIC 
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MC909G (continued) 


CIRCUIT DIAGRAM 


Typical 

Resistors: 
Ry = 1.5K 
Ro = 3.6K 


Rg = 1002 


SWITCHING TIME TEST CIRCUIT 


220 82 
Pulse In 


te 1 | 


500 ns a % 


Ground Unused 
Input Pin 


SWITCHING TIME WAVE FORM 
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mc910G mW RTL SERIES 
DUAL 2 — INPUT GATE 


The MC910 Dual (2-2) Input Gate consists of a pair of 
NOR Gates. It may also beused as a pair of inverters, 
a double inverter or as an R-S Flip-Flop. Average 
power dissipation at 25°C is 4 mW. 


ELECTRICAL CHARACTERISTICS 


Test -55 | .970 | .935} 1.8].650 | 3.001.500 
Condition: +25 | .805 | .750] 1.8].450 | 3.00]. 400 MC910G 
(Volts) +125 | .590] .555] 1.8].260 | 3. 00].300 


oe es 
Charac- 1 Vorr| Vcc | Vit | Grounded| 0 oa ile railcar ana 
teristics ) in| Pin | Pin | Pin Pin in 


Current 


Output 
Current 


Output 
Voltage 


OUT (7) 


OUT (7) 
OUT (6) 


Your (6) 


Saturation 
Voltage 


1,2, 4,5 


1,2,3,4 


2,3, 4,5 


1,3,4,5 | 6,7 


Teahare 1,2,3,4,5}| 6,7 


Switching Pulse | Pulse 
Time In Out 
Turn-On t 1 7 8 
Delay 
Turn-Off 1 7 8 
Delay 


SWITCHING TIME WAVE FORM 
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MC910G (continued) 
LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 


T=1°2 
6 = 3-5 
Positive Logic Negative Logic 
CIRCUIT DIAGRAM 
8 

7 6 

1 5 

2 3 


Typical r Resistors 
4 R,=1. OK 
Ro=3. 6K 


Y SWITCHING TIME TEST CIRCUIT 


: 


@ 2N709 
Pulse In 1.5K : > 750 2 
e @ 
OD 
4 


1N3063 20pf 200! 1N3063 Or 
500 ns Or Equiv. 
Equiv. 
Ground 
Unused 
Input Pins 
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uc911G mW RTL SERIES 
4 INPUT GATE 


The MC911 4-Input Gate provides the NOR function 
on pin 6 and the OR function on pin 7. Average power 
dissipation at 25°C is 4 mW. 


ELECTRICAL CHARACTERISTICS 
Test -55 | . 970 . 935 1.8 - 650 |3. 00]. 500 
= Gondiion: +25 . 805 . 750 . 450 13. 00] . 400 MC9116 
(Volts) +125 . 590 . 555 1. 8 . 260 {3.00} . 300 
Test Limits 
Veor Voc Vi. Grounded Open} —S5°C_ +25°C | +125°C 
Pin Pin | Pin Pin Pin | Min ax] in ax Min Ma 


6,7 
6,7 
1,2,3,5| 8 

8 1,2, 3,4, 3 475 | 730 | 494 | 815 | 418 | 830 
8 2,3, 4,5 
8 1,3, 4,5 
8 1,2, 4,5 
8 1,2, 3,4 
8 1,2, 3, 4,5 
8 2,3,4,5 
8 1,3, 4,5 
8 1,2, 4,5 
8 1,2, 3,4 
_ 1,2, 3,4, 5 


Symbol 
Pin No. 
in 


Charac- 
teristics 


) 


Input 
Current 


Output 
Current 


Ta3 (6) 


A4/'AM (7) 


Output 
Voltage 


OUT (6) 


OUT (6) 


< 


OUT (6) 


< 


OUT (6) 


< 


OUT (7) 


Saturation [V 


Voltage CE (6) 


CE (6) 


CE (6) 


Vv 
Vv 
Vor (6) 
Vv 


Leakage 1, eae 3, 4,5 a 7 


Switching nis Pulse 
Time Out 
Turn-Onj{t 
Delay 
Turn-Offit 
Delay 1+7+ 


SWITCHING TIME WAVE FORM 


70 nsec 
90 nsec 


2,3,4,5 


2,3,4,5 


11-134 


—— Motorola Integrated Circuits ——— 


MC911G (continued) 
SWITCHING TIME TEST CIRCUIT 


CC MC911G 


@ 
1.5K 
0 2N709 1.5K = IN 7502 
Pulse In \ ; y 
1N3063 oo tee 


M1 Or ° ° 1N3063 Or 
—+| | Equiv. 77 Equiv. 


900 ns 
Ground 
Unused 
Input Pins 
CIRCUIT DIAGRAM 


8 7 


O Typical Resistors: 
4 R, = 1.5K 
Ro = 3.6K 


LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 


J 
it 


1424345 
1424345 


fon) 
tH 


POSITIVE LOGIC NEGATIVE LOGIC 
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mc912G mW RTL SERIES 
HALF-ADDER 


The MC912 is an RTL Half-Adder. By applying the 
complement of pins 1 and 2 to pins 3 and 5, the SUM 
and NOT SUM functions of a binary half-adder are pro- 
duced on pin 7 and 6 respectively. Average power dis- 
Sipation at 25°C is 8 mW. 


ELECTRICAL CHARACTERISTICS 
Test -55 | .970 | .935 | 1.8 | .650 [3.00]. 500 
Condition: +25 | .805 | .750 | 1.8 | .450 |3, 00]. 400 
fee +125 | .590 | .555 .260 |3. 00]. 300 
Veot Voc] Vit 
Pin Pin | Pin 
2 8 


7 1,3 
1 2,5 


Output 1,2,3,5 


Saturation | V 8 
Voltage CES) 
VoE (7) 

VcE (7) : 


Leakage I 


Switching Pulse | Pulse 
Time In Out 
Turn-On[t 
Delay Eve 
Turn-Of ty 
Delay 


MC912G 


Charac- 
teristics 


3S 
@ 
3 
e 
ol 
° 
o 
+. 
anh 
N 
ol 
° 
oO 


en os 
non no NO WNW 
oo oo Oo 
ry 
w 
So 
_ 
iy 
oO 


Input 
Current 


Output 
Current 


~ 
[o>) 
= fer) “J fos) [o>] 
-I 


a 
J 


f=) 
J 
—_ 
o 
oO 


tem 


8 


5 7 = 1-243-5 
6 = (1+2) (3+5) 


7 = (142) (345) 
6 = 1°343-5 


POSITIVE LOGIC NEGATIVE LOGIC 


11-136 


Moforola Integrated Circuits 


MC912G (continued) 


CIRCUIT DIAGRAM 


TA 


O) 
3 Typical Resistors: 
R, R, = 1.5K 
50 = 
Ry = 3.6K 
SWITCHING TIME TEST CIRCUIT 
Var 
O 
. T.P 
3.6K () e 
1.5K 
e 2N709 
1.5K 
Pulse In 16pf 
Art. 750 Q 
20pf 
ai 1N3063 1N3063 Or 
Or | Equiv. 
500 ns Equiv. 
= i = A ont 
Ground 
pean. Unused 
Input Pins 
SWITCHING TIME WAVE FORM 
146- 
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mc913G 


FLIP-FLOP 


DIRECT INPUT ©) 


X ne a 4) 
L L NC ne’) 
L H L H 
H L H L 
H H L L 


Motorola Integrated Circuits 


mW RTL SERIES 


The MC913 RTL Type D Flip-Flop is a storage ele- 
ment that stores the state of pin 2 during negative tran- 
sitions of pin 1. Theflip-flopis notaffected by changes 
of pin 2 during either the low or high state of the clock. 
Using pins 3 and 7 as inputs produces a standard R-S 
flip-flop. Average power dissipation at 25°C is 12 mW. 


LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 


GATED Input ?) 
t=n ten+1 
2 6 5 
HH. & 

a 


PIN 1 MUST BE HIGH 
NC = NO CHANGE 

PINS 3 AND 7 MUST BE 
LOW 


GO DD hm 


CIRCUIT DIAGRAM 


Ro 


POY | = 
| ic ee 


Pacts 


TYPICAL RESISTORS: Ri 


2 


=1.5K Ry =180 2 


R, =3.6K R, =480 2 


2 


) 
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MC913G (continued) 


ELECTRICAL CHARACTERISTICS 


Test -55 {| . : 8]. : 500 
Condition: +25 | . . : ; , . 400 MC913G 


(Volts) +125 : , , .2 ‘ . 300 


Vit |Grounded|Open 
Pin | Pin | Fim [in[ ax in| Max [in| Wa 


Charac- 
teristics 


Input 
Current 


Output 
Current 


Output 3 300 230 | mVdc 
Voltage 
7 1,3 300 230] mVdc 
6 1 


Saturation 
Voltage 


Leakage I 
Switching Pulse} Pulse} Pulse/Pulse 
Time In Out 1In | 2 In 


: 


* The voltage applied to pin 1 will change from Vet to specified value prior to making measurements. 


** Tie Pin 2 to pin 5. 


5 
2 1 
(6) * 3 | 1,2 
ek 


1262 
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MC913G (continued) 
SWITCHING TIME TEST CIRCUIT 
Voc ? (ie, este, ios ae? 
8 
3.6K 
1.5K 
O 2N709 
Pulse 1 
3.6K 
1.5K — Sci 
C) 2N709 1.5K 20pt Inpu ins 
Pulse 2 
Variable Delay Be- 1N3063 
tween Pulse 1 and ine 
Pulse 2 Equiv. 
SWITCHING TIME TEST CIRCUIT 
Voc ¥ 
(tg, t16-,t1-5s, *t-5-) 
3.6 T.P 
: vy pat @ 
e e 
1.5K ° ° 
, Z Sl 6 
O \ 2N709 (le T e 
Pulse In Naas is : 
sale tI 1.5K 
an 
1N3063 
20pf 8pf Or 
Equiv. 
Ground 
Unused 
= = v = Input Pins = 
T.P. ; 


SWITCHING TIME WAVE FORM SWITCHING TIME WAVE FORM 


— 100\——L 
ns |\.oV 


Pin 1 


Pin 6 


Pin 5 
Pin 5 


Pin 6 
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mc921G mW RTL SERIES 
GATE EXPANDER 


The MC921G Gate Expander is designed to increase 
the fan-in capability of the MC910 and MC911 Gates. 
Average power dissipation is considered negligible. 


ELECTRICAL CHARACTERISTICS 
Test -55].970]. 935) 1.8 | .650 | .300 | 4. 27K Q] 2. 8BK2 
Condition: +25] .805|.750) 1.8 | .450] .300] 4.3K2 |2.7K2 
4 (Volts) +125 . 555) 1.8 | . 260 3K2 
| «Test Limits i ams 
Vet* eroundes open—29°C | -+25°C) C/-+125°C 
oli IC 


110 


MC921G 


Charac- 
teristics 


Input 
Current 


Output Vv 2,3,4,5 
Voltage OUT (7) : 

Your (7) 1,3, 4,5 

Your (6) 1,2,4,5 


Your (6) 1,2, 3,4 


Saturation 
Voltage 


1,2, 4, 5 


1,2, 3,4 


2,3, 4,5 


1,3, 4,5 


‘ Output 
Current 


I 


CEX (7) 


ToRX (6) 


Leakage I 


* Resistor to V 


pAdc 
pAdc 


CC 


NOTES FOR THE USE OF THE MC921G 


1. The input loading factor of the expanded gate is 1. 33. 

2. Pin 8 of the MC921G must be connected to V 

3. The output loading factor of the expanded gaté is 
decreased 0.5 load for every added node. 


11-141 


Motorola Integrated Circuits 


MC921G (continued) 


iw 


USE OF GATE EXPANDER 


GATE 
EXPANDER 
MC921G 


GATE 
EXPANDER 
MC921G 


CIRCUIT DIAGRAM | 


Ry = 1.5K 


Typical 
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mc 400 series TTL SERIES 


Monolithic integrated Transistor-Transistor Logic 
circuits for high-speed logic applications requiring 
high fan-out into high-capacitance lines. The MC400 
Series operates over the full military temperature 
of -55 to +125°C. 


; ; . : STORAGE TIME DELAY TIME 
Series MC400 T2L Circuits FAN-OUT TYPICAL TYPICAL 


MC401 8-Input NAND/NOR Gate 30 nsec 


MC402 Dual 4-Input NAND/NOR Gate 30 nsec 


MC400 TTL SERIES 


8-Input Transistor-Transistor Logic NAND/NOR 
Gate. 


8-INPUT NAND/NOR GATE NOR GATE 


14 When Vy = logical ''0"' 
2 12=1424+3+4+7+84+9+10=NOR 
8 
9 
10 


NAND GATE 


12 
When Vy = logical "1" 


Dewy Poor 


12= 1° 2°3-4°5°6* 7-8> 9°10 = NAND 


BO OOo 


11 
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MC 401 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 
Output "On" Voltage 
I oo 20 mA 
Vy Vo» ms? Vy Vex Vo) Vv 
Output "Off" Voltage 
=-2mA 
» Va, 


, and V 
he 
Nigra Vy Ve 
Unused pins = opén 

Input Leakage Current 


V, Vy 


Vi Va» VaV > Vi» Var Vg or Vio =4.5V 
All unused pins at 0 


Grounded Input Current 


Vi Vor Va Vy Vi» VarVo or Vio =0V 
Grounded Output Current 


Vi Vo: Ve» Vy Vy Vo) V, and V 


9 ace 


10°12 
Power Drain 
Vy: Vo» Va) Vy Vy 


Vi Vo, V3.V,° Ve Ve, 9 


Vv 


3’ Vg or Vi0 =0OV 
V., and Vio 


= open 


Switching Characteristics 


Fan-Out 1 and 15 (worst Case) 


Storage Time 
Co = 150 pf 
Co = 600 pf 


Rise Time 
Co 600 pf 

Delay Time 
Co = 150 pf 
Co = 600 pf 

Fall Time 
Co = 150 pf 
Co= 600 pf 


11-144 


Motorola Integrated Circuits 


MC400 TTL SERIES 


Dual 4-Input Transistor-Transistor Logic NAND/ 
NOR Gate. 


CASE 83 


ELECTRICAL CHARACTERISTICS 


Output "On" Voltage 
V.a5¥., and V,, =2.0V 


97 20 mA, ViVi 9% 43 14 


Lo = 20 mA, Ver Vn Vg and Vo = 2.0V 


Output "Off" Voltage 


I, = -2 mA, Vio Vie Vig and Vig =0.8V 


Lo = -2mA, Ver V7 Ve and Vo =0.8 V 


Input Leakage Current 
Vie Vi99 V43 or Via" 4.5 Vdc 
Va: Va V2 or Vy = 4.5 Mee 
All unused inputs at 0 V 


Grounded Input Current 
Var Vior Vig Of Vig = 


ba a Vo =OV 


OV 


Grounded Output Current 


Vi Vio V3 and Via = 


Veo Vn Veg and Vo = OV 


OV 


Power Drain . 


Vi Vio Vig or Vi4 and Ver Var Ve or Vg =0V 


Vi Vio V3 and Vi4 and Ve Va Vgand Vy = open 
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MC402 (continued) | 


SWITCHING CHARACTERISTICS 


Characteristic | Min | Max unit _ | 


Fan-Out = 1 and 15 (worst case) 
Storage Time 

Co= 150 pf 

C ae 600 pf 


Rise Tim e 
Co = 150 pf 
co = 600 pf 


Delay Time 
Co = 150 pf 
Cc 600 pf 


Fall Time 
Ce = 150 pf 
c= 600 pf 


DUAL 4-INPUT NAND/NOR GATE 
OD 4 


pat eke, 
moon 
OCO~AIND 


NOR GATE NAND GATE 
When Vy =logical ''0" When Vy =logical "1" 
fo 4 =o rin 


=1+12+13+14=NOR =1+12° 13+ 14=NAND 


a 
cons 


=6+7+8+9 =NOR =6: 7+ 8» 9S=NAND 


COCI0? 
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MOTOROLA LINEAR CIRCUITS 


Linear Integrated Circuits 

MC1110 Emitter-Coupled Amplifier 

MC1513F A/D Ladder Network 

MC1519 -—« Wideband Differential Amplifier 

MC1524 1 W Power Amplifier 

MC1525 NPN Differential Amplifier 

MC1526 NPN Darlington-Input Differential Amplifier 
MC1527 PNP Differential Amplifier 


MC 1528 PNP Darlington-Input Differential Amplifier 
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LINEAR CIRCUIT SERIES 6G, = 22db @ 100 Mc 
NF = 6 db @ 100 Mc 


Emitter-coupled, integrated circuit linear amplifier 
for IF and RF applications. Frequency range is DC to 
B00 MC. 


MAXIMUM RATINGS (at 25°C ambient) 


Characteristic 


Power Supply Voltage 
Power Supply Voltage 


Total Power Dissipation 
(Derate 5 mW/°C above T, = 25°C) 


Operating Temperature Range -55 to+ 125 
Storage Temperature Range -65 tot+ 200 


Maximum Input Level (RMS) 2 V (RMS) 


CIRCUIT SCHEMATIC 


DC CHARACTERISTICS TEST CIRCUIT SHORT CIRCUIT ADMITTANCE TEST CIRCUIT 
(GENERAL RADIO 1607 A BRIDGE) 


O Vee 


MC1110 


RFC (GR 1607 BRIDGE BIAS FILTER) 


OUTPUT 


11-148 


Moforola Integrated Circuits 


MC1110 (continued) 


ELECTRICAL CHARACTERISTICS (AtTa = 25°C unless otherwise noted) 


Characteristic symbot| min | Te Max |; Unit 
DC CHARACTERISTICS 
Input Leakage Current nAdc 
(V3 = 5 Vde; 15, I7, Ig = 0) 


Output Leakage Current nAdc 
(Vy = 9 Vdc; Ij, Ig, Is = Q) 


Operating Current mAdc 
(Voc = 5 Vdc, Ver =-4.7 Vdc, Vi, = 0) Figure 1 


Input Operating Current Ade 


(Vcc = 5 Vde,Vpr =-10 Vdc, Vin — 0) 


Reference Operating Current | Adc 
(Voc = 5 Vde, Vig = -10 Vdc, Vin = 0) 

Current Balance I 3/ In 
(Veco = 5 Vde,Vp, = -10 Vde, Vi, = 9) Figure 1 0.901--- 1/1. tol 
(Voc = 5 Vde,VEE = -1 Vde, V;, = 9) Figure 1 0.90 --- |1.10 


Large Signal Transconductance _ m-mhos| - 
(Vcc = 5 Vdc, VER = -4 Vde, AV;, = 50 mV) 
SMALL SIGNAL CHARACTERISTICS | . 


Small Signal Current Gain 
(Voc = 5 V,Ip = -4mA,f = 100 no) 


Short Circuit Admittances 
(Voc =5 V, Veg = -4V,f = 100 mc) 
Input Admittance 
Reverse Transfer Admittance 
Forward Transfer Admittance 
Output Admittance 


Transducer Power Gain 
(Voc = 5V, Ver = -4V,f = 100 mc, BW = 3 mc) Figure 20 
(Vcc = 5V, VEE = ~4V,f = 200 mc, BW = 6 mc) Figure 21]. 


Noise Figure 
(Vcc = 5V, VEE = -4V,f = 100 me, R. 
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MC1110 (continued) 
100 MC POWER GAIN TEST SET 
+Vec 
( FT =r. BYPASS 
2 C, C, C, 
rT) e | Jy 
O=FO 
SHIELD 3 7 R, = 502 
Ton se ey cnae eas aan = 3dbPAD + 
@ @ 
ag 9874 ee - 
Re = 50Q C, C, L, 5 fr 
O —Vee 
100 MC (~~) BYPASS 
COMPONENT VALUES na 
C,,C, VARIABLE CERAMIC CAPACITOR 9-35 ut 
Cc, VARIABLE CERAMIC CAPACITOR 5.5-18 wut 
C, VARIABLE CERAMIC CAPACITOR 28 suit 
C,,C; FIXED MICA CAPACITOR 50 nut 
FT ALL FEED THROUGH CAPACITORS 1200 wpf 
Bypass CAPACITORS, DISC CERAMIC 0.1 uf, 75 Vde 
L, INPUT INDUCTOR, 0.15 zh Q >> 50 
L OUTPUT INDUCTOR, 0.25 uh Q > 50 
Vee = 5.0 Vdc 
Veg = —4 VOLTS 
200 MC POWER GAIN TEST SET 
RFC FT 
+Vec © — a C, 
pasorasny C, 
ae mS C, 
oT 
SS ee, = R, = 502 
C, 1 J] MC1110 9 3db PAD + 
O O BOLOMETER 
7 ales ae ~~ _ ~ GNb. sHietD ~ 
L etc eens aceon 
Re = 502 \ ' 5 FT ra 
eu ave 
200 MC ~~) 
COMPONENT VALUES 
C,,C, | VARIABLE CERAMIC CAPACITOR 5.5-18 wut 
C,,C; VARIABLE CERAMIC CAPACITOR 2-8 isut 
C, FIXED MICA CAPACITOR 300 wf 
FT ALL FEED THROUGH CAPACITORS 1200 py 
BYPASS CAPACITORS, DISC CERAMIC 0.1 uf, 75 Vde 
L, INPUT INDUCTOR 30 nhy Q > 100, 2T #16 AWG %4” FORM 
L OUTPUT INDUCTOR 50 nhy Q > 100, 47 416 AWG 44” FORM 
RFC JEFFERS MOLDED CHOKE 0.68 yh 
Vec =9.0 Vde 
Veg — —4 VOLTS 
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MC1110 (continued) 
INPUT ADMITTANCE versus EMITTER CURRENT REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 


INPUT CONDUCTANCE (mmhos) 
INPUT SUSCEPTANCE (mmhos) 
CONDUCTANCE or SUSCEPTANCE (mmhos) 


le, EMITTER CURRENT (mA) le, EMITTER CURRENT (mA) 
FORWARD TRANSFER ADMITTANCE versus FREQUENCY OUTPUT ADMITTANCE versus FREQUENCY, 
G, B,, Bn 
70 7.0 


win EU 
SLL LITE | Veet, 
SLEEP VIA 
ut LUE ET ELA 
PT os | TIN PUTIN TT [oe 
PLE TTT TS BEI his Beall IF 


1.0 5.0 10 2Q 40 60 100 200 400 1000 1.0 20 40 60 100 200 400 1000 
f, FREQUENCY (mc) f, FREQUENCY (mc) 


FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT OUTPUT ADMITTANCE versus EMITTER CURRENT 


SE GEiilimee 


o 
ie 
o 


OUTPUT CONDUCTANCE (mmhos) 
OUTPUT SUSCEPTANCE (mmhos) 


S 
uo 
ra 
oO 


CONDUCTANCE or SUSCEPTANCE (mmhos) 


CONDUCTANCE (mmhos) 

SUSCEPTANCE (mmhos) 
OUTPUT CONDUCTANCE (mmhos) 
OUTPUT SUSCEPTANCE (mmhos) 


0 2.0 4.0 6.0 8.0 10 
Ie, EMITTER CURRENT (mA) le, EMITTER CURRENT (mA) 
FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT OUTPUT ADMITTANCE versus EMITTER CURRENT 
G,, B,, 


CONDUCTANCE (mmhos) 
SUSCEPTANCE (mmhos) 
OUTPUT CONDUCTANCE (mmhos) 

OUTPUT SUSCEPTANCE (mmhos) 


I, EMITTER CURRENT (mA) 1, EMITTER CURRENT (mA) 
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MC1110 (continued) 


INPUT CONDUCTANCE (mmhos) 


INPUT CONDUCTANCE (mmhos) 


100 MC NOISE FIGURE vs. SOURCE RESISTANCE 


15 


GAIN CONTROL CHARACTERISTICS 


PRE 2} 
Z z 
a = 
2 S 
= 5 re “ll 

0 

100 200 400 600 8001000 2000 

Rs, SOURCE RESISTANCE (OHMS) le, EMITTER CURRENT (mA) 
OPTIMUM NOISE FIGURE, OPTIMUM 200 MC TRANSDUCER POWER GAIN (G 

SOURCE RESISTANCE AND AVAILABLE POWER versus POWER DISSIPATION a 


NF NOISE FIGURE (db) 


INPUT ADMITTANCE versus EMITTER CURRENT 


INPUT ADMITTANCE versus FREQUENCY 


See 


aT a r 
a RT a 
UT ‘i 
eee ae 


GAIN versus FREQUENC 


w 
fan] 
w 
> 


ho 
> 


— 
a 


Rso, OPTIMUM SOURCE RESISTANCE (ohms) 
(G;) POWER GAIN (db) 


le = 1 mA (TOTAL) 
Veo = 5 VOLTS 


AVAILABLE POWER GAIN FOR Rs = Rgo (db) 


20 30 40 60 80100 200 300 0 10 20 30 40 50 60 70 80 90 100 
f, FREQUENCY (mc) TOTAL POWER DISSIPATION ( milliwatts) 
REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 


Gi, 
0.3 


Vos = 5.0 VOLTS 


: a a 


INPUT SUSCEPTANCE (mmhos) 
CONDUCTANCE or SUSCEPTANCE (mmhos) 


lc, EMITTER CURRENT (mA) le, EMITTER CURRENT (mA) 
REVERSE TRANSFER ADMITTANCE versus FREQUENCY 


Bi, G,,,8,, : 
Woe oot 


12 0.6 


14, 0.7 
Veg = 5.0 VOLTS 
le == 4.0 mA 


Crit crt it 
PTI FUT &= ATIIT 
LIT LUE AU 
SZ | 
SL ee | TTI a at 


0 
50 10 20 4060 100 200 400 1000 1.0 5.0 10 20 40 60 100 0 200 400 1000 
f, FREQUENCY (mc) f, FREQUENCY (mc) 


1, = 4.0 mA 


10 0.5 


1 
A et . 


0.3 


CL YA 


0.2 


INPUT SUSCEPTANCE (mmhos) 


ho 
So 


CONDUCTANCE or SUSCEPTANCE (mmhos) 
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MC 1513F LINEAR CIRCUIT SERIES P, = 500 mW 
1% ratio tolerance 


Analogue/digital ladder network of thin-film resis- 
tors on passivated silicon for application as a binary 
reference voltage divider. 


MAXIMUM RATINGS (At 25°C) 
Applied Voltage 30 Vdc 
Power Dissipation, Total 200mW 
(derate 3. 3mW/°C above 25°C) 
Power Dissipation, Each Resistor 100mW 
(derate 0. 67mW/°C above 25°C) 


Operating Temperature Range ~55 to +125°C 
Storage Temperature Range -65 to +1'75°C 


ELECTRICAL CHARACTERISTICS (At 25°C) 


Characteristic 
Voltage Ratio : 


Ratio Temp. Tracking 
(-55 to +125°C) 


Resistance Temp. 
Coefficient 
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LINEAR CIRCUIT SERI Aggy = 
MC 15 ] ) R CUIT SERIES vie hers 
CMR = 89 db 


BW = 0.7 Mc 


Integrated circuit wideband differential amplifier 
CASE 71 featuring NPN inputs and PNP outputs. 


(TO-5) 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Power Supply Voltage 


Power Supply Voltage 


Ditferential Input Signa a eee 


Total Power ae mW 
Derate above 25-C ae 4 6 
Operating Temperature Range —_ -55 to +125 
Storage Temperature Range ~6§5 to +175 — 


CIRCUIT SCHEMATIC 


1O Vee 
9 3 
e 
10 2 
@ e 

4© 
2 5 
6 © 
WIDE BAND DIFFERENTIAL AMPLIFIER 
D7 
— Vee 
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MC1519 (continued) 


ELECTRICAL CHARACTERISTICS 
( Veo = +12 Vde, Wee —12 Vde, Ta = 25°C unless otherwise noted ) 


Differential Voltage Gain 
Circuit A (CE) 
Circuit B (CC) 


Single Ended Voltage Gain 
Circuit A (CE) 
Circuit B (CC) 


Maximum Output Swing 
Circuit A (CE) 
Circuit B (CC) 


Input Offset Voltage 
Circuit A (CE) 
Circuit B (CC) 


Input Offset Voltage Drift 
Circuit A te 
Circuit B (CC 


Input Offset Current 
Circuit A (CE) 
Circuit B (CC) 


Input Current 
Circuit A (CE) 
Circuit B (CC) 


Common Mode Rejection 
Circuit A (CE) 
Circuit B (CC) 


Bandwidth - 3 db 
Circuit A (CE) 
Circuit B (CC) 


Differential Input Impedance 
Circuit A (CE) 
Circuit B (CC) 


Single Ended Output Impedance 
Circuit A (CE) 
Circuit B (CC) 
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CIRCUIT B-COMMON COLLECTOR OUTPUT 


DIFFERENTIAL INPUT IMPEDANCE AND 
SINGLE ENDED OUTPUT IMPEDANCE 


Rout 


Z;,: WHEN R;, SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. 1. 


THEN Rin = Zin = 


Zour: WHEN RousSWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. 
THEN Rout = Zout 


102 Zin = 1OMEGOHMS 
—— > . 


Vs INCREASED UNTIL Vo REACHES FULL CUTOFF. = 


INPUT CURRENT @ ‘A '8 
INPUT OFFSET CURRENT A Ia — Ia 


Motorola Integrated Circuits 


CIRCUIT A COMMON EMITTER OUTPUT 


Vee 


OUTPUT 


R, = 100K POT = 
R, SET FOR 


Votcm) = 0@25°C 


DIFFERENTIAL VOLTAGE GAIN 
SINGLE ENDED VOLTAGE GAIN AND BANDWIDTH 


V; = 1.0mVrms 


102 OUTPUT 


e 
| OUTPUT 
B 
Vos 
: Vo, — 
= 1. Ags @f = 1k: Agy © Va; = “OA OB 
2. Ay @ f=1ke and Bandwidth: Ay & e 
Ne 
Vi, VswhenVo 0 
Vs IS CALIBRATED VARIABLE. DC MILLIVOLT SOURCE 
WITH OUTPUT IMPEDANCE OF 100 
. AVes 
CM Re} A —20 fog Aaal Aed Rea = AViniem) 
Vom (max) = +4.4V 
Vo 


oO 
Vom (min} = —6.3V 


A Vos RECORDED FOR A CHANGE IN THE COMMON MODE INPUT BIAS FROM 
+4.470 —6.3V 
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MC1519 (continued) 


App, DIFFERENTIAL MODE GAIN 


INPUT OFFSET CURRENT (,:Adc) 


lio, 


A,, VOLTAGE GAIN ( db) 


Motorola Integrated Circuits 


EFFECT OF TEMPERATURE ON CIRCUIT B CHARACTERISTICS 
*6V AT 125°C 


R, SET FOR V5 :cu 


DIFFERENTIAL MODE GAIN 


Ta, TEMPERATURE (°C) 


INPUT OFFSET CURRENT 


Ta, TEMPERATURE (°C) 


CIRCUIT A BANDWIDTH 


Seas See eel 
OCS 
FECHP SST 
PLT TT TS 
we th Sit TT 
CI CCST 
ETHIC NT | 
re Bt ST aa 
PT TT NT 
|-—-+ ET TT ENT: 
=e aa ay a 
ED 0s | 


0 
02 02 05 #10 20 5.0 ©6110 20 50 ~=—:100 


f. FREQUENCY (mc) 
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55 125 


lin. INPUT CURRENT (;,Adc) 


VOLTAGE BETWEEN PING and PIN7 (VOLTS) 


Vio, INPUT OFFSET VOLTAGE (MV) 


INPUT OFFSET VOLTAGE 


2.6 
See ee RRA REEeE 
Rae SEP Zee 
ORS RES ese eae 
RESRERZee 
nse Ceeee 
RAP CR aee 
Per 


ae —25 iL 25 ans 85 125 
Ta. TEMPERATURE (°C) 


Pacifist 


PERE NS 


INPUT CURRENT 


Ta, TEMPERATURE (°C) 


CURRENT SOURCE BIASING 


0 
0 2 4 6 8 10 12 4 16 18 2 
CURRENT AT PIN 7 (MILLIAMPERES) 


Motorola Integrated Circuits 


LINEAR CIRCUIT SERIES Z, = 16 — 1000 
MC 1524 THD =0.6% Typ 
Ay = 10, 20 or 30 


CASE 71 
(TO-5) 


Integrated circuit 1-W audio power amplifier. 


MAXIMUM RATINGS (Ta= 25°C unless otherwise noted) 


a a 


Maximum Audio Output Power Pout(max) 1.0 Watt 
(Ta = -55°C to +125°C) 


+Vec 


OUTPUT 


Vee 


LINEAR POWER AMPLIFIER 
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Motorola Integrated Circuits 


ELECTRICAL CHARACTERISTICS (Vee = +6V, Vee= —6V, Ta = 25°C.) 


Characteristic 


Maximum Peak-to- Peak Output Voltage 
for THD < 3% @ 1 ke 


Voltage Gain @ 1 ke 


Input Impedance @ 1 kc 
Output Impedance @ 1 ke 


Bandwidth 


Zero Signal Current Drain 16 
(Each Supply) 


Low Level Total Harmonic Distortion @ 1 ke 
50 mVrmis in) 


AC COUPLED CIRCUIT 


Veo = +6V 15 pf 


INPUT o-) (1) SPEAKER 
C, 


Vee = —6V 
10 jaf (NON-POLARIZED) = 


= 1 KQ FEEDBACK SHOWN 
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DC COUPLED CIRCUIT 


Veco = +6V 


1 KQ) FEEDBACK SHOWN 


MC1524 (continued) 


stability. For most loads, at temperatures below 


Pour, OUTPUT POWER (mw) 


Notes: 


1) R,, should be greater than 5 ohms for dc stability. 


2) Power supplies should be balanced, have low 
source impedances, and should be turned on and off 
simultaneously. (See fig. 6 for Standby Current vs. 

supply unbalance. ) 


3) Capacitors C, and C, provide high- frequency 


70°C, C, may be omitted. 


4) Low frequency rolloff of AC coupled circuit is 
determined by C, and C.. Fig 1 is recommended for 
loudspeaker loads because of DC stability intro- 
duced by Co. 
5) Open loop operation is not recommended. Feed- 
back taps are connected as follows: 


Feedback Tap Pin Connection 


| 1KQ_|8 to C2 (AC) or ground (DC) 
9 to C, (AC) or ground (DC) 


. 8 to 10; 9 to mal (AC) or ground (DC) | 


Motorola Integrated Circuits - 


TOTAL HARMONIC DISTORTION AT 1 KC 


40% 


TOTAL HARMONIC DISTORTION 
5.0% | 


T]he TT 
Mole 25092 FEEDBACK ay ge 
| 6 VOLT SUPPLIES 
Pe oN sok soo reepeack |] 
—l 
UR WB rnd 
Wea 
RiGiii 0.1 MAX OUTPUT POWER 
SN) 51a 
i“ 
\ \\ 
AN LA 500 FEEDBACK Pei. a 
LX 
ROR. enc 2a 


Se 


0 10 2 30 40 50 60 


R,, LOAD RESISTANCE (ohms) 


70 = 80 


STANDBY CURRENT VARIATION DUE TO SUPPLY UNBALANCE 


> Woe (mAde) 


MAXIMUM AVAILABLE OUTPUT POWER 


Ri, LOAD RESISTANCE (ohms) 
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A,, VOLTAGE GAIN 


Wee (mAdc) 


Ri = 162 
Ri = 1002 


AC COUPLED FREQUENCY RESPONSE 


premen ores ava 


TNL [2s0e reepeack TT TT | 


x ci mee a 


* TRE do TENT 
JAAD 
: AAI errr TTT NY 
= SEE, \\I\ 


5 AMR oN 
AWA THGGIATB 


0 
10 100 1KC 10 KC 100 KC 1MC 
f, FREQUENCY (cps) 
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MC1524 (continued) 


DC TRANSFER CHARACTERISTICS VOLTAGE GAIN versus TEMPERATURE 


250@ FEEDBACK TAP 
+07 
SCALE: V = 2V/div E | | ewe LOAD 
H= 0.2 V/div | £ fT 
fi 1602 LOAD 


we 

' 

Ui 
v 


Ns 
aN 


a 
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mc 1525 LINEAR CIRCUIT SERIES Aas = 65-140 
. Vio = 5-7 mV 
mc 1526 CMR = 80 db 


mc 1528 


MC1525 DIFFERENTIAL AMPLIFIERS MC1527 


MC1526 DARLINGTON INPUT DIFFERENTIAL AMPLIFIERS MC1528 


Integrated circuit complementary differential ampli- 
fiers designed to permit direct-coupled cascading for 


| CASE71 CASE72 applications requiring extremely high gain. 
(TO-5) 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


| Characteristic 


Total Power Dissipation 
Derate above 25°C 


DIFFERENTIAL VOLTAGE GAIN SINGLE - ENDED VOLTAGE GAIN 


f = Ike V; = 10 mVrms f = 1kc V; = 10 mVrms 


‘oa — Vos 
\; 


V 
Aga 4 Vo/V; = 
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MC1525, MC1526, MC1527, MC1528 (continued) 


ELECTRICAL CHARACTERISTICS 


Differential Voltage Gain 
MC1525, MC1527 
MC1526, MC1528 


Single Ended Voltage Gain 
MC1525, MC1527 
MC1526, MC1528 


Maximum Output Swing 
All Types 


Input Offset Voltage 
MC1525, MC1527 
MC1526, MC1528 


Input Offset Current 
MC1525, MC1527 
MC1526 
MC1528 


Input Current 
MC1525, MC1527 
MC1526 
MC1528 


Common Mode Rejection 11, 19 | CMpej 
All Types | 


Bandwidth 
MC1525, MC1527 
MC 1526 
MC 1528 


Differential Input Impedance 
MC1525, MC1527 
MC1526 
MC1528 


INPUT OFFSET VOLTAGE 


Oe NULL 
aoe METER @ 


Vie =. Vg when Vo = = 0 


Vo 


| mia 
Vom tmial Vs 1S CALIBRATED VARIABLE MILLIVOLT SOURCE 4 INPUT CURRENT 4 -5—~ 
WITH OUTPUT IMPEDANCE OF 509. = Sy teeta 
oS tA TB 
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MC1525, MC1526, MC1527, MC1528 (continued) 


MC1527 MC1528 


__MC1526 MC1525 
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MC1525, MC1526, MC1527, MC1528 (continued) 


OUTPUT VOLTAGE — COMMON MODE MAXIMUM QUTPUT SWING 


= Tke 


OUTPUT } 7,, = 10 MEG 
SWING 


Vom tmial 


= Vs INCREASED UNTIL Vo REACHES FULL CUTOFF. 
OUTPUT SWING AND AC UNBALANCE GIVEN IN VOLTS P-P. 


DIFFERENTIAL MODE GAIN SINGLE ENDED OUTPUT IMPEDANCE 


- Vom {min) a 
f = lke 
WHEN R;,, SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. Vo = 200 mV rms NO LOAD == -_s 
i oh Vo = 100 mV rms WHEN Zou = Ro 7 = 


g 


BIASING ARRANGEMENT 


in the emitter of the current source 
transistor of each of the differential - 
amplifiers, there are four resistors of 
different values which may be con- 
nected in seven ways. The resultant 
effective resistance in conjunction 
with a given Ve makes provision for 
different current levels. For conven- 
ience, the seven methods together *Pin 7 is connected to the substrate and must be connected to the Ver supply 
with their effective resistances are BOR ESCORT CCE OETA OR 
tabulated below. 
| eTHOD | 2s 


Vee* 


EFFECTIVE RESISTANCE | 1.4K | 3.37K | 7.0K | 
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MC1525, MC1526, MC1527, MC1528 (continued) 


EFFECT OF TEMPERATURE ON CHARACTERISTICS 


Vio, INPUT OFFSET VOLTAGE (mV) Aga, DIFFERENTIAL MODE GAIN 


CMpej. COMMON MODE REJECTION (db) 
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MC1525, MC1527 
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MAXIMUM TO MINIMUM VALUES. 
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Articles in this section: 


e How to Get More Value Out of a Transistor Data Sheet 

e Determining Maximum Reliable Load Lines for Power Transistors 

e Factors Influencing Selection of Commercial Power Transistor Heat Sinks 
e Understanding Transistor Response Parameters 

e Significance of Q; In Switching Circuits 

e High-Power Varactor Diodes — Theory and Applications 

e Optimizing SCR Turn-Off Parameters with Negative Bias 
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HOW TO GET MORE VALUE OUT OF A TRANSISTOR DATA SHEET 


Engineers involved in the design of transistor circuits can gain many bene- 
fits from the proper use oftransistor data sheets that have well specified char- 
acteristics. The extreme requirements of today's designs can only lead to con- 
fusion if the engineer does not have the proper limits within which to design. 
This report is intended to explain the relationship between published charac- 
teristics and design requirements. 


A modern, well-prepared, informative data sheet should provide the design 
engineer with all the necessary information for selecting a transistor capable 
of performing a particular job. To accomplish this, the data sheet is normally 
divided into six general sections. A description of the device is given first, 
followed by sections on absolute ratings, and electrical and thermal character- 
istics. Mechanical data and applications information are also included. 


The description of the device usually gives the broad general application which 
permits the designer to classify transistors according to his specific require- 
ments. Thus, a typical power transistor description might indicate whether the 
unit was designed for audio work or switching applications. In addition, the 
power and/or current rating is specified, the polarity (whether PNP or NPN) 
is given, and the type of material is called out. Ata glance, therefore, the en- 
gineer can determine if a particular transistor or group of transistors, is gen- 
erally suitable for a particular purpose. 


From here on, however, the selection of a specific transistor for a particu- 
lar object becomes more involved. The unit must be considered from its var- 
ious electrical ratings and characteristics to make sure that it fits the applica- 
tion from every conceivable standpoint. And, the engineer is generally faced 
with the problem of selecting the least expensive transistor which will perform 
adequately in his proposed circuit. This requires a comprehensive study and 
evaluation of the information usually given in the finer print. Only a thorough 
understanding of this information will permit him to do his job satisfactorily. 


DISTINCTION BETWEEN RATINGS AND CHARACTERISTICS 


A rating is defined as a limiting value assigned by the manufacturer which, 
ifexceeded, may result in permanent damage to the device. On the other hand, 
a characteristics isa measurable property ofthe device under specific operating 
conditions for which the transistor will provide reliable performance. 


ABSOLUTE MAXIMUM RATINGS 


Absolute Maximum Ratings are those ratings beyond which degradation of a 
transistor may be expected. These ratings are established by each manufac- 
turer based on the internal physical construction, semiconductor material and 
manufacturing processes. Because these are "ratings, '' most data sheets will 
not indicate test conditions under which these "ratings" are specified. . There- 
fore, "ratings" are the extreme capabilities of a transistor and are not to be 
used as design conditions. 


For example, under absolute maximum ratings the parameter BVCEQ indi- 
cates that the B when placed before a characteristic symbol usually means 
breakdown. Therefore, BVcBo, BVCEO, BVcEs, BVcEx, and BVERO, are 
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the breakdown ratings of the device. It is a very well known fact in the semi- 
conductor industry that when transistor ratings are exceeded an avalanche or 
breakdown condition may take place. This avalanche or breakdown condition 
in almost every instance will destroy a transistor. Breakdown is dependent 
upon temperature and a certain voltage and current condition, the combination of 
which can trigger an avalanching effect leading to instant destruction. 


As a practical example, the graph in Figure 1 illustrates the typical output 
characteristics of a Motorola 2N1530 power transistor. The absolute maxi- 
mum voltage BV CEO is 45 volts. The absolute maximum current is 5 amps. 


With an absolute maximum power 
rating of 90 W as shown on the data 
sheet for this particular transistor, 
itis now possible for the design engi- 
neer to calculate and plot a maximum 
voltage current relationship which 
can't be exceeded without endanger - 
ing the life of the transistor. 


Itis obvious from the graph that the 
absolute maximum voltage and the ab- 
solute maximum current cannot be 
applied at the same time. While it is 
conceivable that an occasional ex- 
cursion beyond this absolute maximum 
power for a short period of time will 
do no harm to the transistor, this 
practice is not recommended where 
reliability is concerned. 


lc, COLLECTOR CURRENT (AMPS) 


0 
0 5 10 15 20 2 30 35 40 45 50 


Thermal characteristics, also list - Veg, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
ed under the absolute maximum rat- | 
ings, are expressed in degrees C per Figure 1 — Typical Output Characteristics, Motorola 2N1530 


watt and define the dissipation capa- 
bility of the transistor regarding the 
junction temperature in relation to 
case temperature. 


ELECTRICAL CHARACTERISTICS 


Itis inthis portion of the data sheet that the design engineer can find the limits 
on those electrical parameters which are most important to his particular cir- 
cuit design. Whereas the absolute maximum specifications provide the limits 
beyond which reliable operation cannot be obtained, the electrical characteris- 
tics give the design centers around which practical circuits can evolve. When 
discussing any specific characteristics, the test conditions must be specified in 
order that a common understanding is held by both the user and the manufac- 
turer of the transistor. Almost every parameter listed on a data sheet is sub- 
ject to variation among manufacturers because of difficult test conditions. We 
shall now refer to the Motorola data sheet on the power transistor series from 
2N1539 thru 2N1548 and discuss each parameter in order. (See Figure 2) 
COLLECTOR-BASE LEAKAGE CURRENTS | | 

IcBOisa very common term loosely used by designer and manufacturer and 
initially used to signify the quality of a transistor. Actually, there exist three 
very definite ICBO's which are important tothe designer. The firstis the reading 
taken at some low collector-base voltage, in this case 2 volts, with amaximum 
value of Ic indicated at this voltage. | 7 
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This for all practical purposes represents the thermal component of the col- 
lector current, which cannot be reduced by further decrease of VcB. This is 
true for agiven temperature and is subject to change with temperature. As the 
ambient temperature increases, the leakage current increases. 


ELECTRICAL CHARACTERISTICS, GENERAL (At 25°C Mounting Base Temperature) 


AR sowou [maw [ve [wax [or 


Collector- Base Cutoff Current 
= -25V 2N1539, 2N1544 : mA 
= -40V 2N1540, 2N1545 . mA 
= -55V 2N1541, 2N1546 : mA 
= -65V 2N1542, 2N1547 ; mA 
= -80V 2N1543, 2N1548 : mA 


Collector- Base Cutoff Current 


Vos = -2V (all types) pA 
Collector- Base Cutoff Current 
at Tp = +90°C mA 
at Vop = 1/2 BV crs rating 
Emitter- Base Cutoff Current 
Ven = 12V (all types) mA 
Collector-Emitter Breakdown Voltage 
In = 500mA, Ves = 0 
2N1539, 2N1544 — volts 
2N1540, 2N1545 volts 
2N1541, 2N1546 volts 
2N1542, 2N1547 volts 
2N1543, 2N1548 volts 


Collector-Emitter Leakage Current CEX 


2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


Collector-Emitter Breakdown Voltage 


I, = 500mA, I, = 0 


2N1539, 2N1544 20 
2N1540, 2N1545 30 
2N1541, 2N1546 40 
2N1542, 2N1547 50 
2N1543, 2N1548 60 


Collector- Base Breakdown Voltage 


In = 20mA 


2N1539, 2N1544 
2N1540, 21545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


Figure 2 — Electrical Characteristics as given on a typical Motorola data sheet 
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ELECTRICAL CHARACI Serie COMMON Sm erat 25°C ) 


Current Gain 


V = -2V, I 


CE »1Q = 3A 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 | 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Base-Emitter Drive Voltage 


I, = 3A, I, = 300mA 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Collector Saturation Voltage 
In = 3A, I, = 300mA 


2N1539, on1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Frequency Cutoff 


Vog = -2V, 1, = 3A 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Switching Characteristics 
I, = 3A 
Cc 
Delay + Rise Time 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 
Storage Time 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 © 
Fall Time 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 
Transconductance 

Vor = -2V, In = 3A 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Figure 2 (continued) — Electrical Characteristics as given on a typical Motorola data sheet 


With this value, the designer can easily predict what the leakage will be at 
some higher temperature. Using the emperical rule that the thermal compo- 
nent of current will double for every 10°C, the design engineer can pinpoint the 
temperature component of the leakage current. 


COLLECTOR-BASE VOLTAGE CHARACTERISTICS 


The other ICBO whichis important in high-temperature usage is that current 
due to the portion of the collector-base voltage characteristics which adds another 
maximumICBOto the temperature complement of the total leakage. The data 
sheet indicates that Vcg at 25 volts on the Motorola 2N1539 power transistor 
gives a maximum leakage of 2 milliamps. This voltage component is not tem- 
perature sensitive. Therefore, the design engineer, wishing to determine his 
leakage value at some higher temperature (e.g. Ty75°C), can safely assume 
that the maximum increase inthe thermal component of leakage current (I¢) will 
be 32 times 200 microamps. Adding to this the 2 milliamp voltage component 
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he could arrive at a value of 8.4 milliamps maximum leakage at 75°C with 25 
volts across the transistor. All future references to temperature in this re- 
port will refer to the transistor case temperature and not the ambient tempera- 
ture. 7 : 


HIGH-TEMPERATURE COLLECTOR-BASE LEAKAGE CURRENTS 


Since there are many voltages and many applications to be considered, it is 
difficult for any manufacturer to specify leakage under all voltages at all tem- 
peratures. Motorolahas led the way in specifying a guaranteed maximum leak- 
age at 90°C at a voltage which is within reliable usage of any given transistor. 
In this case, it is one-half the BVcKg rating. The selection of the one-half 
BVCEs voltage rating for the high-temperature test is an arbitrary one, but at 
a point where the device will be in a reliable operating area. 


EMITTER-BASE CUTOFF CURRENT (lego) 


One of the least used parameters on a data sheet is IEBO. It is well to know 
the Ippo limit of any given junction within a transistor; therefore this limit is 
shown at a region where most design will be taking place. In most Motorola 
power transistors the emitter-base diode breakdown voltage rating is far greater 
than the 12 volts shown onthe data sheet. This is indicated by the BVERO listed 
under the absolute maximum ratings. 


COLLECTOR-EMITTER LEAKAGE CURRENT (I.,,) 


The X in this symbol means that there is some known back-bias voltage ap- 
plied to the base-emitter diode. And, for each transistor this back-bias voltage © 
must be specified as atest conditionfor any given ICEX or BVCEX rating. This 
rating is very useful in the design of converters. In this switching application, 
_ while one transistor is conducting the other transistor has been back-biased on 
the off condition thus waiting for transformer action to turn it back on. This 
rating is given as [crx rather than BVcRrx. 


It is much easier for a transistor to stand off a given voltage and guarantee 
that the current will not be above a certain maximum value than to apply a test 
current and see if the voltage will be above a certain minimum value. This test 
could be related to a second breakdown type of relationship. On many diodes, 
applying agiven test current could show a voltage rating of many volts above the 
listed rating. 


Let us assume a condition where we apply 20 milliamps to the collector from 
a constant current source with a one volt base-emitter back bias. In some ex- 
treme cases, the collector-emitter voltage could go to 150 or 200 volts giving 
anextreme power dissipation problem, putting the device into the very danger- 
ous second breakdown region; thus, the reason for specifying Icfx rather than 
BVcEx. The reverse is true of the breakdown voltage collector to emitter 
(BVcrsg), with the base and emitter short circuits. 


COLLECTOR-EMITTER BREAKDOWN (BV,,<) 


The most important rating that the engineer can consider when selecting the 
transistor for his circuit is BVcrg. (See Figure 3) 


_ Most all power transistor applications require source voltages, collector-to- 
emitter. Thisforces VCE ratings to be equal to or larger than the source volt- 
age. Inductive loads will make this requirement higher. For the design engi- 
neer, a useful rating would be BVCER which falls between BVcrs and BVCEO 
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in applications utilizing alloy transistors. The test current of 500 milliamps 
for Motorola power transistors was selected to insure an adequate range of 
operation under this condition. On many of these test conditions, high dissipa- 
tion can be experienced with the combination of test voltage andtest current. 
Therefore, many of these tests are specified as sweep tests or pulse tests where 
the duty cycle is low enough that the maximum junction temperature is not ex- 
ceeded. These tests should be performed with the transistor mounted on an 
adequate heat sink. 


COLLECTOR-EMITTER BREAKDOWN 
VOLTAGE WITH THE BASE OPEN (BV,,,) 


This test is related to lop O and the 
gain characteristic hop: With the base 


open, a condition can be reached where 
hop will multiply the lop O at a given 


Ic, COLLECTOR CURRENT (AMPS) 


voltage and start an avalanche condi- 
tionas the junction temperature rises 
due to self-heating. This can quickly 
reach breakdown conditions if not % RATED MAXIMUM COLLECTOR-EMITTER VOLTAGE (BVces) 
carefully tested by the sweep method. 


Figure 3 — Collector Characteristics, Common Emitter 


Although BVcfo is the most difficult of all tests to meet, especially at high 
voltages, itis a condition whichis occasionally met in actual operation, such as 
inseries regulated power supplies and power amplifiers. In switching circuits 
this condition can be met instantaneously when the transistor is switched from on 
to off, thus passing a region where the base has infinite resistance or is essen- 
tially open. Motorola protects for this condition by showing the BVCKo rating 
on their data sheet and making it a part of their safe area curves. 


COLLECTOR-BASE BREAKDOWN VOLTAGE (BV,,5) 


This rating will show the limitation of the collector-base junction, but isa 
rating which is only occasionally used in actual circuit considerations. Many 
engineers make the error of selecting a transistor based on this parameter put- 
ting themselves into a high priced, low availability category, when actually the 
true ratings could have been defined by BVCEs. Circuits should be carefully 
analyzed to determine if BVC Bo or some collector-to-emitter rating is the con- 
trolling factor. 


CURRENT GAIN (h,,) 


This isthe most arbitrary of all test conditions listed ona data sheet. Motorola 
in designing power transistors, has calculated the structure to center upon or 
yield a given gain at a given collector current depending upon market require- 
ments. For alloy transistors, current-gain is a function of collector-current 
and in most cases will decrease when Ic increases. (See Figure 4) 


It is best to design around data sheet limits. However, circuit requirement 
could dictate current gain spreads. Under these circumstances, it would be 
beneficialfor the design engineer to work closely with the manufacturer to obtain 
a special device. This parameter is one that will vary to some degree with 
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life, and is therefore used as an end-of-life characteristic. It is with this re- 
alization that Motorola introduced their Meg-A- Life Program where end-of-life 
limits are given for both hpp and Ico on industrial transistors. 


BASE TO EMITTER VOLTAGE (V,,) 


This parameter isvery important to those who require knowledge of the input 
voltage at the specified test condition, especially to people designing converters 
and switching circuits. See Figure 5. The test for this parameter is usually 
performed with the transistor in saturation. 


Vor = 2.0V 

2 I 2N1539-1543 

3 Lj — 2N1544-1548 
z o 
3 > 
F S 
S 2 
= f+) 
ed a 
= a 
; E 
= 
fad 
E 
> 

0 10 20 30 40 50 60 70 80 90 100 
Ic, COLLECTOR CURRENT (AMPS) lz, BASE CURRENT (mA) 
Figure 4 — Current Gain versus Collector Current Figure 5 — Emitter-Base Voltage versus Base Current 


SATURATION VOLTAGE (V,,, ..;) 

Saturation voltage, VCEsat (See Figure 6) is the minimum voltage necessary 
to sustain normal transistor action at a particular collector-current. At col- 
lector voltages, lower than VoRsat 


the base-collector diode is forward 
biased and the current-voltage re- 


lationship changes abruptly. Thus, 
the saturation voltage is the minimum ee 
collector-emitter voltage required to 

maintain full conduction when enough gi oPe(— 2) 
base drive is supplied. Further appli- = (2 400mA 


cations of base drive will reduce 
VoRs at With diminishing effect. Since 


the VcEsat VS Io curve is almosta 


I~, COLLECTOR’ CURRENT (AMPS) 


straight line, some transistor manu- 
facturers list the oe as 
saturation resistance (“Gre ad: X ORsat 


is part of the output ‘characteristic. 


: ae : 0 
Transistor efficiency in converters 0 0.5 1.0 1.5 2.0 2.5 
is a function of switching speed and Vee, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
power dissipated in the fully-on Figure 6 — Output Characteristics, Saturation 
condition. A very low saturation Region, Motorola 2N351A 
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voltage is extremely desirable and is a function of the collector-current and 
base-current drive. Saturation voltage will increase with an increase in col- 
lector current and will also be inversely related to the gain hep) of the 
transistor. | 


COMMON EMITTER-CUTOFF FREQUENCY (f,,) 


Current gainfrequency cutoff (fg.)for the commonemitter configuration, (also 
called the beta cutoff frequency) is the frequency where the small-signal, for- 
ward-current gain is . 707 of the current gain value to be found at a given ref- 
erence frequency. The. 707 point represents a 3 db. reduction in current gain. 
The common emitter cutoff frequency Fap is usually between 5 Ke and 10.Ke for 
power transistors. The common base frequency cutoff Fap (generally not spec- 
ified for power transistors) is approximately equal to hgg times fag. 


SECOND BREAKDOWN VOLTAGE 


Second Breakdown Voltage, a destructive condition, was first observed when 
the first breakdown condition (VBE = 0) was allowed to continue until point ''A" 
was reached as illustrated by line 4 (BVcgs) of Figure 7. The current was 
allowed to increase after the curve had entered into the first negative resistance 
portion and a second negative resistance occurred which switched the charac- 
teristic onto Line 7 of Figure 7. Further investigation has shown that other 
base-emitter conditions trigger second breakdown. If the base-shorted-to-the- 
emitter (Vpr = 0) condition is used as a reference point, there exists a locus 
of points where second breakdown is initiated for both negative and positive 
base-to-emitter voltage conditions, which is shown by the dashed line. Thus, 
high negative base drive will cause second breakdown to be generated at much 
greater collector current by a lower collector voltage than at the Vpr = 0 
point. When the base is positive, the locus is more difficult to determine since 
the trigger point lies in a negative resistance region. The exact locus varies 
considerably from one device to the next. However, if the collector diode 
breakdown and the BVCES are within specifications for the transistor, the locus 
will always be to the right of and above lines D-E and E-F shown in Figure 8. 


@ —Is <00R—Varz <0 Res 
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@) tn >0(+ BVcen) 
@ Voz = 0 (BVces) 
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@) SECOND BREAKDOWN LINE 
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Vor, COLLECTOR-TO-EMITTER VOLTAGE 
Figure 7 — Collector Current versus Collector-to-Emitter Figure 8 — Reliable Vo — Ic Areas 


Voltage 
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Triggering second breakdown from positive base drive almost always results 
in a collector-to-emitter short or a drastically altered transistor. Negative 
drive action does not appear to be as drastic and usually the phenomenon can be 
observed repeatedly on a curve tracer, 


The exact physical reaction is still somewhat of a mystery, although the re- 
sults of other types of breakdown have been fully described. Second breakdown 
seems to result in a''channeling of current'' between the collector and emitter. 
In second breakdown the collector-to-base junction exhibits certain instabilities 
when high voltage is applied. The point at which these instabilities occur is con- 
trolled by the voltage imposed on the base-to-emitter junction. This spot heat- 
ing can actually melt the germanium and allow the indium of the collector and 
the emitter to flow together producing a collector-emitter short. 


The locus of points where second breakdown occurs is independent of tempera- 
ture within normal operating ranges. However, as temperature changes, a par- 
ticular point on the locus will shift with a certain base-emitter condition. For 
instance, as temperature increases, the Vpr = 0 point will shift toward the 
Ip = 0 line. This is because more ICBO flows through the internal base re- 
sistance (RppR') which causes the internal base-emitter junction to see a more 
negative voltage on the base side. In fact, high IcBO current will cause the 
VBE = 0 line to lose its negative resistance portion (the tail) and approach the 
low temperature Ip = 0 case. 


DETERMINATION OF PEAK POWER PEAK POWER DERATING CURVE 


The peak allowable power is: 
(Ts — Ta — O34 Pss) 


tic (ao) + tea (tt) 


Cr is a coefficient of power as obtained from the chart. T; is = —<— = —— oh 

Vase ig temperature a °C; a is ambient CW: ocr t in °C; rT tt 0% DUTY CYCLE 

zc is junction to case thermal resistance in ° Oca iS case ee AN en 

to ambient thermal resistance in °C/W; 62, is the sum of NTT ABSOLUTE NON RECURRENT Ht 

phd + sh tr : pulse width; t is the pulse period; (t:/t) is the 0.5% 

uty cycle; Pxs is a constant power dissipation and Pp is <i NI 

the additional allowable pulse power dissipation above the Ce oH Ao 
ra ———— SN 


-— 99 Co SIN rt 
ijy 


Pe = 


amount of Pas. 


The above equation is usable when a heat sink is used which 
has thermal capacity very much larger than the transistors 
thermal capacity. 


The chart.is normalized with respect to the thermal time con- 
stant, which is on the order of 50 milliseconds for these power 
transistors. 


DUTY CYCLE 5% i= AH 


mae 
SN —t 
a es S| 


i =n.) So ——— EE 


C,, COEFFICIENT OF POWER 


— sic = Sie + H rH 
7 HH H H 
t +. a es 2 ae i t a 
oe aa oe or SN TT 1 
see ee ie cage na is ae ae a ce 4 il 
83 = a= 
Pulse width (t,) = I msec : | room fT ET LT ML 
Duty Cycle = 20% a 1 
6ca = 3°C/W TIME ——> 10+ 107 10-2 10-! 1 10 
Osc = — 0. 8°C/W Ts max — = 100°C 
Solution: Enter the graph at t:/r = 1 ae ies and t,/¢, PULSE WIDTH/THERMAL TIME CONSTANT 
Duty Cycle 20%. Find Cy = 5. Solve equation 
__ 100 — 40 — (3 + 0.8) 10 
Pre= 0.8 +3x2 Caution In all cases the peak pulse 
5 power should stay within the Safe 
Pp == 29 watts in addition to the steady Operating Area. 


10 watts resulting in 39 watts peak. 


Figure 9 — Peak Power Derating 
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A well specified transistor data sheet will contain all of the above informa- 
tion. Some designs do not require specifications other than voltage, power 
dissipation andgain. The extreme requirements of present day industrial equip- 
mentas well as military specifications in most cases taxes the ingenuity of the 
design engineer and the time available for him to design the best equipment, 
TIME WHICH CAN BE SAVED DUE TO PROPER SPECIFICATION IS JUST AS 
IMPORTANT AS TIME SAVED DUE TO PROPER DESIGN. Because the semi- 
conductor industry is relatively new and because of the questions and problems 
that can arise involving the use of semiconductors, a design engineer can lose 
much valuable time if he is forced to discontinue design operations due to the 
lack of information. A good data sheet can clearly eliminate this delay. 
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DETERMINING MAXIMUM RELIABLE LOAD LINES 
FOR POWER TRANSISTORS 


Operation of power transistors within their power-temperature ratings alone 
is not a sufficient safeguard toguarantee circuit reliability. An additional con- 
sideration of the allowable collector-emitter voltage vs. collector current must 
be taken into account, otherwise a distinctive condition termed ''secondary 
breakdown" can occur. 


To avoid this secondary breakdown condition, it is necessary to maintain the 
load line within safe voltage and current limits. 


As described later, secondary breakdown is a function of time in addition to 
voltage or current and, since transistors can be operated at an infinite number 
of time intervals and operating points, reliable load line operation is specified 
by safe operating areas including time as a parameter. 


SECONDARY BREAKDOWN 


For a fixed bias on the base-emitter junction, as collector voltage isin- 
creased on a power transistor the collector current increases slowly to a cer- 
tain point at which the increase becomes rapid and an avalanche condition exists. 
The collector voltage at which avalanche occurs is determined by the voltage 
condition across the emitter-base junction. In other words, the transistor bias 
condition determines the point of avalanche. Avalanche in itself is nondestruc- 
tive if power dissipation is limited, but a destructive breakdown can occur if 
the collector current is allowed to increase to a high value. This is called 
"second breakdown"!, 2, 3, 


Second breakdown is associated with the collector-base junction, and is con- 
trolled by the emitter-base junction. The electrical interplay of the junctions 
is such that second breakdown is triggered at lower voltages as collector cur- 
rent is increased. The locus of secondary breakdown trigger points is shown 
in Figure 1 for a 1/2 wave 60 cps pulse. | 


| v7 SECOND BREAKDOWN 


The exact action of second break- 
down is not known but seems to be 
associated with a sudden concentra - 
tion of energy into a small area, the 
energy being a function of collector 
voltage, collector current, and time. 
This concentrated energy dissipates 
power in avery small volume which DA \L_POSITIVE DRIVE (+Veg) 
causes the temperature to exceed the 
melting point of the semiconductor 
material. The two junctions can then 
flow together causing a collector-to- 
emitter short. Fig. 1. Locus of trigger points. 


CURVES OBTAINED USING I/2 WAVE 
- 60~Vc WITH DC CONDITIONS BASE 
TO EMITTER 


ion oe 


- 


NEGATIVE DRIVE (-Veg) 
: a LOCUS OF TRIGGER POINTS 


I 
| 
| 
| 
; 


VegsO0 
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PULSE TEST | 

To establish safe operating areas, through destructive testing, for various 
pulse widths, the test circuit shown in Fig. 2 was developed. In this circuit, 
a reverse bias sufficient to keep the transistor cut off until the pulse is applied, 
is always present between base and emitter. The 10-ohm resistor in the bias 
circuit is necessary to permit a negative voltage to build up and turn on the 
transistor when the pulse is applied. 


The pulse test signal is obtained 
from a pulse generator and a tran- 
sistor amplifier. The amplifier tran- 
sistor must be a high-speed german- 
ium device such as a 2N2832. The 
pulse amplitude is controlled by set- 
ting the output of the pulse generator 
high enough to saturate the amplifier 
transistor. The signal into the tran- 
sistor under test is controlled by | 
varying the collector supply voltage. Vip +2V 


Q —4-f— *R, SENSING RESISTOR 
The output waveform is monitored como or 


on an XY oscilloscope across a sens- . oan ial Fas (eg SARE pg 


PULSE AMPLIFIER 


ing resistor which is made from Can- Pe rower—t 
thol type A-1 flat ribbon. A 0. 1-ohm GANTHOL TYPE A-1 FLAT RIBBON 
sensing resistor is used for collector ORES 

; Veg 
currents below five amperes and a pa 


0. 01-ohm sensing resistor is used at 


: Fig. 2 Circuit used t i i : 
higher collector currents. ig ircuit used to establish safe operating areas 


To keep the voltage drop in the interconnecting wiring to a negligible value, 
number 10 wire is used for circuit connections and number 4 stranded cable is 
employed for connecting to the batteries used as the voltage source. 


The 500 uf capacitor bypasses voltage transients resulting from the rapid 
change of current through the inductance of the connecting leads. The fuse or 
circuit breaker is necessary to prevent burning out the sensing resistor or omen 
components when the transistor shorts. 


The source voltage is set at a fixed level in steps of 12 volts each. Collector 
current is increased by increasing the base drive until second breakdown oc- 
curs. A short occurs, since no current limiting is used. 


PLOT OF BREAKDOWNS 


The voltage and current failure point is observed on the XY scope and re- 
corded ona graph similar to Fig. 3. To establish a usable safe area curve, 
at least 5 to 10 transistors are tested and destroyed at each pulse width and 
voltage. To construct the safe area curve on the graph, a line is drawn con- 
necting the worst-case points of each voltage group. 


Notice that, regardless of the pulse width, as current is increased the device 
will withstand less voltage. 


Using an average of the failure points from Fig. 3, the typical graph of energy 


in watt-seconds required for second breakdown is plotted in Fig. 4. The shape 
of these curves is logical since ascurrent increases the effective emitter area 
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decreases and as voltage increases the effective base width decreases. 
as current and voltage increase there is a continuous shrinking of the active 


volume containing the energy. 


FAILURE POINT 
CODE: 


e 25ypsec 
x 5Op sec 
Oo 250ypsec 
* §00y sec 
o {Msec 
4 5Msec 


CURVED LINES 
SHOW WORST FAILURE 
LOCUS 


me N 
i] o 


COLLECTOR CURRENT AMPERES 
° 


.¢) 50 100 150 200 VOLTS 
COLLECTOR EMITTER VOLTAGE 


Fig. 3. Graph shows typical failure points fer 2N2528 transistor. 


ENERGY WATTS-SECONDS 


PT TT 
LLL TEA 
a 


COLLECTOR CURRENT IN AMPERES 


Thus, 


Fig. 4. Typical energy required to cause transistor failure is plotted 


against current with a constant voitage applied. 


Itis difficult torelate the results theoretically, due to all the variables which 
affect current crowding, although the effect of base width changing with voltage 
is a well-known expression. Also, since base width decreases with voltage, the 
effective base resistance increases due to the transverse area shrinking, which 


intensifies the current crowding. 


DC TESTS 


The test circuit used to determine 
failures under dc and long-time pulse 
conditions is shownin Fig. 5. Acom- 
mon-base circuit is used for this test 
to prevent thermal runaway. 


Also, since power levels approach- 
ing 200 watts may be encountered dur- 
ing tests, a water-cooled heat sink is 
necessary. The heat sink consists of 
a 4"" X 4'' X 1/8" copper sheet with a 
"U" shaped copper tubing soldered 
to it around the transistor mounting 
area. Ice water is circulated through 
the tubing to remove heat from the 
copper plate. 


GND. 


VERT. 


HORIZ. 


Fig. 5. Circuit used to establish de safe operating areas. 
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The dc failure points were determined in a similar manner as previously 
described for the pulse tests. | 


POWER-TEMPERATURE DERATING vs SAFE AREA 


This application note shows safe area curves for many Motorola Power Tran- 
sistors and includes de-ratings due to temperature effects. In addition to the 
Safe Areas, a power dissipation curve is plotted for each device. This power 
curve represents the allowable average power which could be dissipated at a 
given case temperature (usually 25°C) without exceeding the particular maxi- 
mum junction temperature. At higher case temperatures the allowable average 
power will be less depending on thermal resistance and the power area would 
be represented by a curve drawn to the left and below the one shown. In gen- 
eral, the allowable power at 25°C (case) is beyond the allowable dc and long- 
time pulse safe areas and the device is breakdown-voltage limited. However, 
at higher case temperatures the device may be power -dissipation limited. 


In any event, both average power-temperature de-rating and safe areas must 
be obeyed. In addition, the switching of power causes time-dependent tem- 
perature increases which are of concern but are separate from the safe area 
considerations. 


This temperature dependency is associated with the thermal time constant of 
the transistor and a discussion is included in the Motorola Power Transistor 
Handbook and on most data sheets under a heading of ''Peak Power" or ''Pulse 
Power". 


The proper control of temperature rise and peak power will insure that the 
maximum junction temperature is not exceeded. In addition, the proper control 
of pulse load line to stay within the applicable Safe Area curve will insure that 
a collector to emitter short will not be caused. 


EXTENSION TO COLLECTOR-BASE BREAKDOWN 


Some devices have a collector-base breakdown rating greater than the 
collector-emitter breakdown. Operation is allowable in the region between 
VCE(max) and VCB(max); however, it is recommended that the current be kept 
as low as possible by back biasing of the base-emitter junction. 


APPLICATION CHECKS 


The safe areas were double checked in the following applications to see it the 
pulse safe area curves were meaningful: (1) audio, (2) solenoid driver, (3) power 
inverter, and for dc safe area, (4) low frequency audio and dc regulators. 


(1) Audio 


The audio application was used to test low-frequency effects which should 
correlate with the 5 millisecond safe areas. Devices were put into the class A 
circuit shown in Fig. 6, with an ac resistive load, the dc being bypassed by a 
shunt inductance. The input was deliberately overdriven and then the load re- 
sistor removed to obtain a reactive load line. 


It was hoped that an elliptical load line could be obtained with an excursion 
controlled by drive voltage and with time of the excursion controlled by fre- 
quency. While this did occur, the excursion was very low at high frequencies 
and thus the fast pulse areas could not be probed. At frequencies between 50- 
200 cps, a large excursion was possible and failures were caused by exceeding 
the 5 msec safe area curve. 
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(2) Solenoid Driver 

The solenoid driver consisted of controlling the load line with a suppression 
diode across the inductance or a zener diode across the transistor. The diode 
across the inductance clamps the load line excursion at the dc source voltage as 
indicated in Fig. 7. The zener diode method resulted in a rectangular load line 
as indicated in Fig. 8 and clamping occurs at the zener voltage. 


A word of cautionis necessary concerning this application. The fast switch- 
ing can cause induced voltage in long lead lengths to the power supply. Thus, 
it is necessary to connect the suppression diode as close to the collectoras 
possible and use a clamping capacitor from the emitter to the connecting point 
of the diode and inductance. When using the zener diode it should be soldered 
as close to the emitter and collector pin as possible. No failures occurred when 
the load line was contained within the 25-ysec safe area curve. 


(3) Power Inverters 


One of the most critical operations of power transistors is in inverter cir- 
cuits similar to that shownin Fig. 9. A typical inverter circuit was used to 
test several types of power transistors. The load line was observed while hold- 
ing the peak current constant and increasing the voltage until failures occurred. 
Then the current was increased at a constant supply voltage until failures were 
encountered. Cases of failure occurred after the load line was well beyond the 
25-usec safe area. 


AUDIO GENERATOR SENSE TYPICAL 


Fig. 6. Transistor arrange- 
ment for a class A audio 
circuit. 


LOAD LINE 


TYPICAL 
Imax = Voc/R LOAD LINE 


Fig. 7 Circuit for a tran- 
sistor solenoid driver with 


R : . 
OFF diode suppression. 


Vee =——s 


{ max = Vec/R 


TYPICAL 
LOAD LINE 


Fig. 8. Circuit for transis- 
torized solenoid driver with 
zener diode. 


Ve", Vz 
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Fig. 9. Circuit arrangement 
for inverter. 


(4) DC and Low Frequency Audio 


In dc applications such as voltage regulators and in low frequency (below 100 
cycle) audio circuits, the dc .safe-area curve in conjunction with the power- 
temperature derating curve establishes reliable operating limits. Depending 
upon the device type and case temperature, the load line may be limited by 
either the power dissipation rating or the dc safe-area rating. In some in- 
stances, the dc safe limit and the power dissipation limit can cross. In this 
case, the load line limit would be established at low currents and high voltage 
by the dc safe limit and by the power dissipation limit at high current and low 
voltage. . 


The above discussion also applies to low duty cycle surge conditions such as 
encountered in incandescent lamp flashers where low initial resistance of the 
lamp permits a high-current surge for 50 to100 milliseconds. Thiscan trigger 
secondary breakdown even though succeeding current pulses are very low after 
the lamp resistance increases. 
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FACTORS INFLUENCING SELECTION OF COMMERCIAL 


POWER TRANSISTOR HEAT SINKS 


Among the vast number of commercial power transistor heat sinks (over 200 
catalog types), there are several factors which influence choice of types for 
given applications. The photograph in Figure 1 is a good illustration of the wide 
variety available. The results of tests compare the thermal resistance of var- 
ious heat sinks with variations in weight, area, volume, shape and color and a 
selection chart will facilitate the best choice of heat sink. 


TEST PROCEDURES 


Tests were organized toestablish the heat sink-to-ambient thermal resistance | 
of 31 different types, and the weight, area and volume were measured for each. 


TO-3 and TO-36 power transistor packages were used depending upon the hole 
pattern in the samples. The bench test setup was as indicated in Figure 3.A 
correlation setup was also used in a closed oven, but with such close results 
that the open air bench test was used for convenience. All types were tested 
with the fins held in a vertical plane. 


A constant power, usually 5 or 10 watts, was dissipated in the transistor. 
Regulated current and voltage were supplied from sources such as shown in 
Figure 4. Thecurrent and voltage were measured to an accuracy of 2 per cent. 
The ambient temperature was measured with a bulb type mercury thermometer 
at a point six inches away from the lower edge of the heat sink. The heat sink 
temperatures were measured by staking a thermocouple into a small silicone 
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grease-filled hole. The casetemperature of TO-36 "doorknob" transistors was 
measured by staking a thermocouple into a hole drilled into the stud to a depth 
almost level with the round mounting base. The case temperatures of the TO-3 
"diamond" transistors were measured by soldering a thermocouple to a solder 
lug which was fastened between the case and one of the mounting screws. These 
methods are detailed in Figure 5. The heat sink temperatures were calculated 
by subtracting an estimated interface thermal resistance of 0.2°C/W between 
heat sink and transistor. 


HEAT SINK THERMOCOUPLE 


TRANSISTOR 


MERCUR 
THERMOMETER 


TEMPERATURE 
BRIOGE 


SUPPLY 


\PORCELAIN,  ttitttstiti‘“s~‘“‘“<_ua ‘(a 
INSULATOR 


Figure 3 — Bench test set-up. 


HEAT SINK 


No attempt was made to investi- 
gate the various considerations of 
restricted air flow, surface temper - 
ature, nearby reflecting surfaces, 
etc. In actual practice almost each 
installation is unique, and transistor 
cases in prototype equipment should 
be monitored with a thermocou- 
ple under the worst’ conditions. 


TEST RESULTS 


Table Ia and Ib are comprehensive = 
listings of test results in orderof I 
heat sink code number. From these 
tables important factors about a heat 
Sink may be obtained, such as shape, 
size, weight, exposed surface area, 
and volume, which allow the designer 
to determine whether a particular 
heat sink fits into his packaging plan. 
The finish and thermal resistance 
are also included. 


THERMOCOUPLE BEAD STAKEO 
WITH WIRE IN SILICON GREASE 
FILLEO HOLE. 


THERMOCOUPLE LEADS. 
To compare performance of cylin- POOR ANOS ITO. 28) 

drical-fin heat sinks with that of flat- THERMOCOUPLE SOLDERED 

fin types, the area versus thermal 

resistance has been plotted in Figure 

6. The graph in Figure 6 shows four 

average slopes of thermal resistance 

versus total surface area for: | 

(1) square _ sheets of bright CLAM OND: CIO 22 

1/ inch aluminum; (2) flat ” Figure 5 — Thermocouple attachment. 
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vertical-finned, black-finished types (these are usually aluminum extrusions) ; 
(3) vertical cylindrical fluted types, black finish (aluminum castings) ; (4) cylin- 


drical horizontal fins, black finish (sheet metal rings). 


It should be noted that 


heat sinks 2, 3, 12, and 14 have flat vertical fins but are not painted black, and 
thus have somewhat higher thermal resistance due to less heat radiation. 


Oona mon & wD Hf 


ee ee woe So 
oT ££ WD DS = OC 


Surface 
Area 

(sq. in) 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 

Flat-finned Extrusion 


Cylindrical Horizontal 
Fin, Machined Casting 


Cylindrical Horizontal 
Fin, Machined Casting 


Cylindrical Horizontal 
Fin, Machined Casting 


Cylindrical Vertical 
Fins, Casting 


Cylindrical Vertical 
Fins, Casting 


Cylindrical Vertical 
Fins, Casting 


Cylindrical Vertical 
Fins, Casting 


Cylindrical Vertical 
Fins, Casting 


Cylindrical Vertical 
Fins, Casting 


Flat-Finned Casting 


Square Vertical 
Fin, Sheet Metal 


Cylindrical Vertical 
Fin, Sheet Metal 


Cylindrical Horizontal 
Fin, Sheet Metal 


Cylindrical Horizontal 
Fin,’ Sheet Metal 
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Thermal 
Resistance 
°C/W 


Finish 
Anod. Black 
Bright Alum. 
Gray 
Anod. Black 
Anod. Black 
Black Paint 
Anod. Black 
Anod. Black 
Anod. Black 
Anod. Black 
Anod. Black 
Gray MMI 
Gray MMI 
Gold Alodine 


cen ee oo EE Se Se Se SS 
r ° . ° . ° . e . . 


pea 
. 


Anod. Black 


Anod. Black 
Anod. Black 
Anod. Black 
Anod. Black 
Anod. Black 
Anod. Black 
Anod. Black 


Black 
Black 


Anod. 
Anod. 
Anod. Black 
Black 
Anod. Black 


Gold Irridate 
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The empirical expression, 8g | he TABLE. Ib — 
32. 6A~. 472, fits the "square alumi- 
num" line, where A is total surface ne | 
area in square inches, and @ga is in ee eee Thermal 


°C/W. Both the flat-finned types and ee 
vertical fluted cylindrical types had AIR COOLED TYPES 

almost identical slopes, compared to (ait eaa ae ‘aera 
the single square fin, indicating for 10 cu ft/min of air 1. 2°C/w 


a given change in area, the change in 
sink-to-ambient thermal resistance 
would be approximately the same for 31 0.04 cu ft/min 0. 45°C/W 
both types. The ring horizontal fin 
types showed a _ much _ steeper 
Slope although these were mounted 
with the fins in the vertical plane. 


This indicates thereis rélatively little change in thermal resistance with varia- 
tions in the surface area of the ring horizontal fin types. 


WATER COOLED TYPES 


MISCELLANEOUS TYPES - NO TEST RESULTS 


Figure 7 shows the thermal resistance plotted as a function of volume dis- 
placement. According to these tests, heat sinks No. 2 (bright aluminum), No. 
3 (gray finish), No. 12 (gray MMI), and No. 14 (gold alodine) have approxi- 
mately 0.3 to 0.8°C/W higher thermal ‘resistance than the flat vertical fins 
with black finish. The performance of cylindrical vertical fin casting types 
22, 23, flat-finned casting type No. 24, and a cylindrical vertical fin sheet 
metal type 25, corresponds very closely with that of the square, 1/8 inch bright 
aluminum heat sink with respect to volume. 


Another important consideration is the heat sink weight. The thermal re- 
sistance as a function of weight is plotted in Figure 8. The correlation line 
for flat vertical fins is very similiar to the area and volume results. This is 
to be expected, since all the heat sinks were made of aluminum of about the 
same thickness. The correlation lines for both cylindrical types (vertical and 
horizontal fins) are similar to the area results. However, the weight results 
approach the square aluminum fin performance more so that did the area re- 


ce BRIGHT 
ce 8'* ALUMINUM 


CYLINDRICAL 
VERTICAL FINS 
id BLACK ALUMINUM 


SQUARE BRIGHT 50 
1/8" ALUMINUM 


NUM 
(FINS HELD VERTICAL IN TEST) 


VOLUME, In. 


FLAT 


VERTICAL FINS 
BLACK ALUMINUM 


TOTAL SURFACE AREA, IN.” 


NSE 
AINKE [| 
awh 


CYLINDRICAL 
VERTICAL FINS 
BLACK ALUMINUM 


CYLINDRICAL 
HORIZONTAL FINS 
(FINS HELD VERTICAL IN TEST) 


° 1 
THERMAL RESISTANCE, 4 ga (°C/W) 1 2 3 4 56 #8 10 20 30 40 
Figure 6 — Surface area vs. Osa: THERMAL RESISTANCE, HEAT SINK, @ gq (°C/W) 


Figure 7 — Volume vs. @g,. 
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sults. Thus, from weight considerations there is an advantage of using the flat 
vertical fin design. 


yw SQUARE BRIGHT 
Vg" ALUMINUM 


2@ CYLINDRICAL HORIZONTAL FINS 
“~~ (FINS HELD VERTICAL IN TEST) 


FLAT 
VERTICAL 
FINS 

BLACK ALUMINUN 


Figure 8 — Og, vs. weight. 
CYLINDRICAL VERTICAL FINS 
BLACK ALUMINUM 


WEIGHT IN GRAMS 
a 
° 


10 16 8 253 4 $ 6 78910 15 20 25 30 40 SO 607080 


THERMAL RESISTANCE OC/w (@g,) 


According to Figures 6, 7, and 8, the flat extruded fin type heat sink is the 
most efficient for heat transfer. Of the flat fin types tested, the thermal re- 
sistance ranged from about 3°C/W with a surface area of 44 sq. in. to 1.1°C/W 
with an area of 250 sq. in. The same change in thermal resistance occurs with 
change in volume of the flat fin types. Since the slope of thermal resistance 
for 1/8 inch aluminum sheets is approximately the same as the black flat fins, 
the aluminum sheets painted black would probably offer similar performance 
and less cost. 


Heat transfer, and consequently thermal resistance, is dependent mainly on 
exposed surface area, and changes in shape and volume offer relatively little 
advantage. The shape is important only in that it affects the final packaging 
configuration. Of course power level, type of chassis, and whether or not 
blowers or water cooling is available, must also be considered. 


CHOICE OF HEAT SINK 


As has been noted, many considerations affect the choice of thé best heat sink 
to do a specific job. The value of necessary thermal resistance is, of course, 
the primary consideration and a designer should not exceed maximum thermal 
resistances in making his selection. However, it is not always easy to use one 
with the smallest volume and least area which would have adequately low ther - 
mal resistance. Indeed the shape factor, flat or round, etc., is the reason for 
so many available types. 
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Table II provides a logical method 
of selecting the best heat sink for a 
given application. First considera- 
tion is thermal resistance. The re- 
sults listedare from tests in free air. 
In the equipment package there are 
air restrictions, chassis heat con- 
duction, and other heat sources which 
were not considered in these tests. 
Thus several other types having a 
lower thermal resistance than re- 
quired should be considreed to as- 
sure a safety margin after packaging. 
A choice should also be maintained 
in the second consideration - shape. 


Three common conditions are list- 


ed - (1) the standard 3 inch chassis 
where the heat sink would be mounted 
vertically on the side of the chassis; 
(2) circuit card, where a small heat 
is useful; (3) some type of cylindri- 
cal container. 


Other considerations should include 
availability of air or water cooling 
and whether or not several transistors 
are to be stacked. The following list 
of heat sink manufacturers, compiled 
at the time of this article, should be 


contacted for additional information 


and exact specifications. 
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TABLE I 


Heat Sink Selection Guide 


Heat Sink Choice 

(by code number - 

Considera- see Tables Ia & Ib 
tion Conditions & Figures 1 & 2) 


Thermal 
Resistance | 0 to 0.5°C/W |31 (water cooled) 


0.51to 1.0 | (Note 1) 

1.01to2.0 |9, 10, 11 

2.01to 3.0 |1, 2, 3, 4, 5, 6, 7, 
8, 12, 13, 14 

3.01 to 5.0 |22 


5.01to 7.0 17, 19, 20, 21, 23, 
24 


7.01 to 10.0 |15, 18, 25, 26, 27, 
28 


Shape 
Factor 3"' Chassis 1, 2, 3, 4, 5, 6, 7, 
8, 9, 13, 14 


Circuit Card {15, 18, 25, 26, 27, 

28, 33 
Cylindrical |16, 17, 19, 20, 21, 
Container 22, 23 


Blower Self 
Channeled 
Air 29, 30, 40 


Forced Air |All except 18, 19, 
20, 21, 31, 32 


Water Circulating 
Water 31, 32 


Stacked Easily 
Sinks Stacked 4, 5, 14, 30 


Price & 


Availability | This we leave to the reader. 


1, Many of the heat sinks will fall in these 
lower categories if blown air is used. 
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UNDERSTANDING TRANSISTOR RESPONSE PARAMETERS 


THE RANGE OF FREQUENCIES over which a transistor performs a useful 
circuit function is limited by inherent parameters. Manufacturers' data sheets 
usually specify only one or two of these parameters, while the user may need 
others. Therefore, a clear understanding of these parameters and the relation- 
ships between them is of value evaluating transistor performance. 


Typical of such parameters is hfp (alpha, the common base a-c short-circuit 
forward current gain). As frequency is increased, hfp remains approximately 
equal to hfbo (the value of hfp at 1 kc). After the upper frequency limit is 
reached, hgp begins to decrease rapidly. | 


The frequency at which a significant decrease in hfp occurs provides a basis 
for comparison of the expected high frequency performance of different tran- 
sistors. The common base current gain cutoff frequency, fgp, is defined as 
that frequency at which hfp is 3 db below hfpo. Expressed in magnitude, hfp at 
fab, is 70.7 per cent of hgpo. Power gains, current gains, and voltage gains 
for a few common decibel values are found in Table 1. A curve of hfbp versus 
frequency for a transistor with an fgp of 1 mc is shown in Fig. 1. 


Table 1: Conversion table for power, 
voltage, and current ratios 


: ing siegnifi- 
This curve has the following sign into decibels. 


cant characteristics: (1) atfrequencies 
below fop, Df is nearly constant and 
approximately equal to hgpo; (2) hep 
begins to decrease significantly in the 
region of fyp; (3) above fyp, the rate 
of decrease in hg, with increasing fre- 
quency approaches 6 db per octave in 
the limit. 


The curve of common base current 
gain versus frequency for any transis- 
tor has these characteristics, and the 
same generalappearance as the curve 
of Fig. 1. : 


The common emitter parameter 
which corresponds to fpp is f,,, the 
common emitter current gain cutoff 
frequency. By definition, fue is the 
frequency at which h,, (beta, the com- 
mon emitter of a-c short-circuit cur- 
rent gain), has decreased 3 db below 
Neag (the value of he, at 1 kc). A typi- 
cal curve of he, versus frequency for 
a transistor with an fj, of 100 kc is 
shown in Fig. 2. 


-5 
0 
25 
0 
0 
0 
0 
0 
0 
0 
0 


Ko) co ~ oy) ov a oo iw) 
e e e e e e e e 
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POINT OF MEASUREMENT OF fico 


fg yy = 70.7% Wi gop) 
6 db PER OCTAVE SLOPE 


POINT OF MEASUREMENT OF b no -3 
f opp = 0.707 hy) ee une 
6 db PER OCTAVE SLOPE VALUE OF hy 


Tke Oke = 100ke 


O db REPRESENTS 1 19 100 
Fig. 1. Graph represents a curve of a common base Fig. 2. Common emitter current gain 7s 
current gain plotted against frequency variations. plotted against frequency in the curve shown, 


This curve also has the significant characteristics listed for Fig. 1. These 
characteristics allow such a curve to beconstructed for a particular transistor 
by knowing only hfeo and f@e. From the curve, hfe at any frequency could be 
determined. Furthermore, if fge, is not known, a curve could also be con- 
structed if hfeo and hfe at any frequency above fqa were known. Thus to deter- 
mine hfe at any frequency, it is necessary to know only hfeo and either fae ¢ or 
ihfe at some frequency f, where f is greater than fae. 


Sometimes, hfeo is needed and only hfpo is given, or vice versa. The quan- 
tities hfpo and hfeo are related by the following: ) 


h 


fbo a 
h i geste. |e (1) 
feo 1 - Deno 
h 
feo | 
h,.:2:=—_—— | (2) 
fbo Drag re | 


Equations 1 and 2 are plotted in Fig. 3. To further facilitate computations, 
the low frequency current gain scales of Fig. 7-10 contain both an hfpo and an 
hfeo scale, and may be entered with a knowledge of either quantity. 


RELATIONSHIP BETWEEN f,, AND f.,, 


Suppose two transistors are considered for a particular application where 
performance at high frequencies is of interest. The data sheets are compared 
and it is discovered that one specifies fq@b and the other fqe. What prelimi- 
nary comparisons can be made from. | 


. . : es a rT} Ne 
ee ce eee BG mann 
i Re |. 
Phillips” gives a discussion of the BAIN | 96 
relationships between f,, and fyp with " 
the following result: Nie 
58 
fue = Kg (1-hepo) fob | 
where Kyi is a function of excess phase ae 
value between 0.5 and 1.0. Table 2 ja 
gives approximate values of Kg fora 
number of transistor types. ttH 
18 W 
| . Die 
ane value of 0.82 app lies to all al- Fig. 3. The relationship between hree and hire is 
loy junction transistors. For high- given by the graph shown. 
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Kg is based on original design of the 


device regardless of how it may be specified later. For example, the 2N74lis 
a germanium mesa amplifier which is manufactured on a switching transistor 
production line; therefore,the germanium mesa switch Kg is used for the 2N741. 


The nomograms provide solutions 
for values of Kgof 0.9, 0.8, and 
0.6. These three values of Kg give 
reasonable results for most trans- 
istor types, and if more specific in- 
formation for Kg is available, the re- 
sults obtained from the nomograms 
are corrected accordingly. 


The quantity fye is normally a much 
lower frequency that fy, forthe same 
transistor. For example, consider 
the Motorola 2N1141 germanium mesa 
amplifier. The data sheets give typ- 
ical values fgp = 1,000 mc and hgpo = 
0.98. K,yfrom Table 2 is 0.80. Sub- 
stituting in Eq. 3 yields fge = 0.80 
(1 - 0.98) 1,000 = 16 me. 


Table 2: Approximate 
values of Kg 


Transistor Type 


Alloy Transistor 
(GPA, Alloy Power) 


Germanium Mesa 
Switch 


Germanium Epitaxial] 0. 80 
Mesa Amplifier 


Germanium Non- 
Epitaxial Mesa 
Amplifier 


Silicon Annular and 
Planar 


MADT 


This result is in approximate agreement with the hfe versus frequency curve 


of the manufacturer's 2N1141 data sheet. 


GLOSSARY OF SYMBOLS 


Symbol Definition 

hep Common base a-c forward current gain (alpha) 

Deno Value of Dep at 1 ke. 

he Common emitter a-c forward current gain. 

e 
(beta) 

Drag Value of Deo at 1 ke. 

fon Common base current gain cutoff frequency. . 
Frequency at which hfp has decreased to a value 
3 db below hfpo. (hfp = 0.707 hfbo) - 

f ote Common emitter current gain cutoff frequency. 
Frequency at which hfe has decreased to a value 
of 3 db below hfeo (hfe = 0.707 hfeo) 

f T Gain bandwidth product. Frequency at which 
hfe = 1 (0 db). 

G, Common emitter power gain 

f ; Maximum frequency of oscillation. Frequency 

max y 
at which Gg = 1 (0 db). 
Kg - Excess phase shifter factor. Factor which is a 


function of excess phase shift of current in the 
base of a transistor. 


12-27 


Motorola Reference Material 


For the practical application of Eq. 3, refer to Fig. 7 and 9. When any two 
of the quantities fq@e, fab, hfbo, or hfeo are known, use the nomograms to find 
the third quantity. 


A common high-frequency parameter is fT, the gain bandwidth product and 
is defined as that frequency at which hfe = 1 (0 db). 


The value fT is sometimes specified indirectly on high-frequency transistor 
data sheets. This is done by specifying hfe at some frequency above fqe, thus, 
ff is then obtained by multiplying the magnitude of hfe by the frequency of meas- 
urement. This relationship arises from the 6 db per octave characteristic of 
the hfe versus frequency curve above fqe. Since 6 db represents acurrent gain 
magnitude of 2, hfe is halved each time frequency is doubled, and vice versa. 
Therefore, the product of hfe and frequency on the sloping portion of the curve 
— yields fr. | 


For example, consider the Motorola 2N2217 silicon star planar transistor. 
The data sheet gives a typical hfe of 4.0 at 100 mc. Multiplication of hfe times 
the frequency of measurement yields f—t = 4.0 x 100 = 400 mc. Thisis in agree- 
ment with the data sheet which specifies a typical ft of 400 mc. 


The parameter fT is also equal to the product of hfeo and f@me, expressed by 
f= h, xf (4) 


with hgeg known, Eq. 4 provides a simple means of finding fg, when f7 is known 
or vice versa. (See Fig. 5.) 


Philips also develops the following relationship between fg and f-7: 


fn = Kg Depo fap (5) 


where Kg is the same quantity as in Eq. 3. Notice that since Kg lies between 
0.5 and 1.0, the fy of atransistor is approximately equal to or slightly less 
than its fmp. (See Fig. 8 and 10.) 


RULES FOR DETERMINING h,, 
The following rules summarize how to determine hge at some frequency f: 
Rule 1. Whenf< fye, Dee ~ Deeg 


Rule 2. Whenf ~ fyo, hee = 0.7 hgeg 


Rule 3. Whenf > fqe, consider hfe to be decreasing at 6 db per octave at fre- 
quency f and use Fig. 4 to find hge. 
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fe 
db MAGNITUDE 


48 1. 250 
200 fp= hy f 
45 
150 i? tie f 
T 
40 10 
° 50 
80 
10 : 
45 60 1 
50 
40 2 
30 30 100 
5 
20 
3 150 
15 10 
200 
20 10 20 
8 30 250 
7 40 
. 5 300 
15 60 
3 80 
4 100 400 
10 3 150 - 
200 
F a0 600 
5 400 700 
1 500 
5 500 800 
| 800 900 
0 1 1000 1000 
1200 


Fig. 4. This nomogram 
is useful in finding hire 
when a frequency f>fae. 


Rule 4. (A) If hgpo not hgg,g is known, use Fig. 3 find hego. 


(B) If ff is not known use Fig. 5 to find fT if hfeo and fge are known 
or Fig. 8 to find fT if fgb is known (Fig. 10 for MADT types). 


(C) If fae is not known, use Fig. 5 to find fae if ff is known (Fig. 7 
to find fye if fap is known (Fig. 9 for MADT types). 


Though common emitter current gain is equal to 1 at fy, there may still be 
considerable power gain atfy due to different input and output impedance levels. 
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ty = Broo tae . "feo 
Agog = TC Nee | 300 
a 200 
60 
150 
80 2 
ae 
100 | 100 
80 
2 
150 60 
50 
200 40 
6 
250 8 30 
10 
300 
15 90 
400 . 
30 15 
500 40. 
50 
600 60 10 
80 
8 
‘ome 150 6 
200 
4 


@& Fig. 5. The quantity fr 
is found from this nomogram 
once fae and hreo are known. 


Thus, fy is not necessarily the highest useful frequency of operation of a tran- 
sistor, and an additional parameter, the maximum frequency of oscillation 
({max), is sometimes encountered. The term fmax is the frequency at which 
common emitter power gain is equal to 1, and is related tofT by 


f = 4 —————_ (6) 


where rp is the base resistance and Cc is the collector capacitance. 
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A plot of common emitter power gain versus frequency also has the charac- 
teristics shown in Fig. 1. This leads to another gain bandwidth product 


Lae ~ f V Power Gain (7) 


where f is the frequency of measurement and power gain is expressed in mag- 
nitude not in decibels. Hence, fmax may be found by measuring power gain at 
some frequency on the 6 db per octave portion of the power gain versus fre- 
quency curve, and multiplying the square root of the power gain with the fre- 
quency of measurement (see Fig. 6). The symbol for common emitter power 
gain is Ge. 


G 
e 


db MAGNITUDE ' 
50 100,000 


48 ft nax a VG 
4g _{ 50,000 50 
44 60 
20,000 
40 10,000 f 80 
a 1 
ie 5,000 100 
2 
“ 2,000 
32 3 
4 150 
30 1,000 
6 
28 ; 
26 sas 10 ~ 
24 200 
” 20 
20 100 30 ss 
is 40 
16 " 60 400 
80 
14 *s 100 500 
12 
10 10 200 sass 
8 ; 300 i” 
6 400 800 
! ; 1000 
2 800 
; ' 1,000 1,200 


1,500 


@& Fig. 6. Maximum frequency 
is found from this nomogram 
knowing the frequency and 
power gain. 
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The parameters are voltage and current dependent, and operating point must 
be considered in all cases. For example, the high-frequency hfe measurement 
at one collector voltage and current must not be used to calculate fT directly 
at another voltage and/or current without considering the added effects of the 
different operating point. Most of the mesa data sheets have curves showing 
typical variations of fy with collector voltage and current. 


The parameter fqe for present mesa transistors usually lies in the region 
between 10 and 50 mc. The term hfe, measured at any frequency above this 
region is assumed on the 6 db per octave portion of hfe versus frequency curve 
and is used to calculate fT directly. 


Mesa transistor power gain measured at any frequency above 50 mc is 
assumed on the 6 db per octave portion of the power gain versus frequency 
curve and is used to calculate fpyax directly. 


ie ‘ Ky is hing) fab 


fs. Neo = 1 KC ue Nie = 1KC Dee 
1,500 
f 
1,200 
100 
1,008 100 
800 60 
700 40 
600 
500 
0 4 
400 | 
10 
10 
300 
6 
6 
4 
200 ee 
2 
150 2 
1 
100 ! 


KEY 70 {,, 
USE LEFT SCALE WITH USE RIGHT SCALE WITH 
FOLLOWING TRANSISTOR TYPES FOLLOWING TRANSISTOR TYPES 


GENERAL PURPOSE ALLOY GERMANIUM MESA SWITCH 
ALLOY POWER SILICON 


GERMANIUM MESA AMPLIFIER (ANNULAR / PLANAR) 200 1. .995 
LEFT SCALE, Ky = 0.8 RIGHT SCALE, K, = 0.9 Fig. 7. Once fa: 
*FOR MADT TYPES, SEE FIG. 9 | ts known this nomo- 
gram is used to 
find fae. 
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INSTRUCTIONS FOR CURVES AND NOMOGRAMS 


The nomograms assume no shift in operating point. Known parameters used 
to find an unknown must be measured at the same collector voltage and collector 
current as the desired unknown. 


Frequency scales on the nomograms are calibrated in numbers only without 
units. Furthermore, all nomograms contain two frequency scales. Decimal 
points may be shifted on the frequency scales of any nomogram as long as they 
are shifted the same amount on both scales (i.e. , both frequency scales of a 
nomogram must be multiplied by 10 to the same power). This enables the same 
nomogram to be used for both high and low-frequency transistors. 


The nomograms assume that both power gain and current gain decrease with 
increasing frequency at a rate of 6 db per octave at high frequencies. 


All power gain and current gain scales (except hfpo and hfeo) are calibrated 
in both actual magnitudes and decibel values for convenience. 


EXAMPLE 1 


To find hfeo when hfpo is known or vice versa, enter Fig. 3 with the known 
value and read the unknown directly. Given: hfpo = 0.96. Find: hfeo, Answer 
= 24, 


EXAMPLE 2 


Figure 4 is anomogram of fT and hfe at some frequency f, wheref > fae. 
Given: hfe at 100 mc is 6 db. Find: hfe at 75 mc. Answer: 4, or 12 db. 


EXAMPLE 3 


There are no special instructions for the nomogram of Fig. 5, merely use it 
to find the unknown parameter when any two are known. Given: hfeo = 40 and 
ft = 400 mc. Find: fge. Answer: 10 mc. 


EXAMPLE 4 


Figure 6 is anomogram of fmax and common emitter power gain measured 
at some frequency f where power gain is known to be decreasing at 6 db per 
octave. Given: power gain at 400 mc is 6 db. Find: fmax. Answer: 800 mc. 
Given: fmax = 1000 mc. Find: power gain at 250 mc. Answer: 12 db. 


EXAMPLE 5 


Fig. 7 is anomogram of fab, fqge, and either hfpo or hfeo. To account for 
variations in this relationship with different transistor types, there are two fge 
scales, with a guide to which one to use. Given: for a GPA transistor, fqb = 
1 mc and hfbo = 0.90. Find: fge. Answer: 80 kc. For MADT types, see 
Fig. 9. 


EXAMPLE 6 


Figure 8 is anomogram of fy, fgp, and either hgpo or hgge. To account for 
variations in this relationship with different transistor types, there are twofT 
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scales, witha guide to which one to use. Given: fora germanium mesa switch- 
ing transistor, ft = 400 mc and hfpo = 0.90. Find: fyb. Answer: 494 mc. 
For MADT types, see Fig. 10. | 


f fy _ 
ap ‘a r= Ke ino fab 
1,500 1,500 Bag = PKC hp, | 
ie Dre = 1KC Dee 
200 | ono 
1,000 
1, ¢ 
om 800 
so 800 
h h 
700 600 feo Abe 
600 - 
‘ 1.0 
600 100 99 
5 98 
500 | 400 ; 
400 = 96 
300 
$2 
300 10 
200 90 
200 8 
88 
200. 
¢ 86 
84 
150 100 
100 82 
4 80 
100 
60 
60 ‘ 
80 KEY TO f , SCALES 
USE LEFT SCALE WITH USE RIGHT SCALE WITH 
FOLLOWING TRANSISTOR TYPES | FOLLOWING TRANSISTOR TYPES 
w GENERAL PURPOSE ALLOY GERMANIUM MESA SWITCH 
ALLOY POWER SILICON 


GERMANIUM MESA AMPLIFIER (annular / planar) 


LEFT SCALE, K, = 0.8 RIGHT SCALE, K,= 0.9 
_*FOR MADT TYPES, SEE FIG. 9 


Fig. 8. This nomogram represents fr, fo, and 
either hrvo or hres. | 


EXAMPLE 7 


Figure 9 is a nomogram which is identical to Fig. 7 except that it is for use 
with MADT transistors (see instructions for Fig. 7). 


EXAMPLE 8 


Figure 10is a nomogram which is identical to Fig. 8 except that it is for use 
with MADT transistors (see instructions for Fig. 8). 
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foe = Ke A — hg) fap 
MADT TRANSISTORS ONLY Meo Ngo 
(Ky = 0.6) 
FOR OTHER TYPES, USE Fig. 7 4 80 
ob beg = LKCh,, hy = 1KC hy 
1,500 < 
ae 
100 
ree 80 88 
1,000 60 90 
50 10 
800 40 92 
700 30 93 
600 : 4 
20 
400 10 56 
8 
6 30 
300 : - 
4 
40 
3 
200 8 
2 
1.5 60 
150 
80 
0.8 
is 06 100 [98 
150 
200 995 


Fig. 9. This nomogram is identical to Fig. 7 but 
is used for MADT transistors. 
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f f T 6 “fbho “ab 
ab T 
MADT TRANSISTORS ONLY 
1,500 1,000 FOR OTHER TYPES; USE FIG. 8 
3.200 800 Ky = 0.6 
1 h, =1KCh 
7 om iad 1KC ie 
feo fe 
800 500 Meo Mho 
700 
400 x” 1.0 
600 100 .99 
50 .98 
500 300 30 
a 96 
250 
400 
200 : : 
92 
300 10 
150 90 
8 
88 
200 100 , 86 
80 84 
150 
82 
60 
100 : a 
80 
60 


Fig. 10. Identical to Fig. 8, this nomogram is used 
only for MADT transistors. 


REFERENCE 


1, A. B. Phillips, "Transistor Engineering,'' McGraw-Hill Book Company, 
Inc., New York, N. Y., Chapter 14. 


12-36 


Motorola Reference Material 


SIGNIFICANCE OF Q; IN SWITCHING CIRCUITS 


The charge factor (Q) in a transistorized pulse system is a figure of merit 
in much the same manner that gain-bandwidth product (ft) is a figure of merit 
for anamplifier. Consider briefly a pulse transmission system where the volt- 
age of aline must be changed by Vvolts. Since a finite capacity C is associated 
with the line, a charge Q = CV must be moved in order to effect this change. 
To move this charge in a given time t, a certain current I is required; viz. 
Q = It. Thus with a given current, low Q is synonymous with fast switching. 


The concept of total control charge, Q7, is not only a figure of merit but is 
a useful tool in the design of transistor circuits particularly where capacitors 
are used for triggering or R-C networks are used to improve response time. 


The concept is most easily understood by examining the familiar linear cir- 
cuit of Figure 1. It is well known that if the time constant of the speed up net- 
work, 7, = R ,Cj, equals the time constant, T9 = RgCg, the waveform at point 
C will be a perfect reproduction of that at B, but reduced in amplitude accord- 
ing to the ratio of Rj and Rg. During the time that a constant level is applied 
at point A, charge Q; developed on Cy will also equal the charge Q9 developed 
on Co. 


The impedance of this network, of B Cc C 
course, decreases with frequency so | 
that the signal at B may show rise | 
time deterioration compared to the 
Signal from the source at point A. 
However, there is no distortion of the 
signal in passing from B to C. 


Several authors have shown that all 
frequency effects of a transistor can 
be represented by an R-C network 
from internal base to emitter. Base 
spreading resistance r'), can be lump- 
ed with R.. Ifa transistor were sub- 
stituted for the network Ro9Co, by ad- 
justing 7, for a square wave output, FIGURE 1 
the transistor input impedance could Linear Circuit Compensation 
be deduced. If the transistor were driven into saturation, a 
Square wave output would occur during turn-on regardless of the value of Tj, 
but information canbe gained by observing the waveform during turn-off. Since 
a transistor in saturation is grossly non-linear, approximating its behavior by 
a linear network is not satisfactory. But the use of a speedup network to find 
the charge required to turn off a transistor has proven to be valuable. 


When atransistor is held in aconductive state by a base current Ip, a charge 
Qs is developed or "stored" in the transistor. If IR were suddenly removed, 
the transistor would continue to conduct until Qg is removed from the active 
regions through an external path or through internal recombination. Since the 
internal recombination time is long compared to the ultimate capability of a 
transistor, for fast switching the designer needs to know the value of the in- 
ternal charge. Qg may be written as — 


Q, = 9+ Qt Qy 
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Q] is the charge required to develop the required collector current. This 
charge is primarily a function of alpha cutoff frequency. Qy is the charge 
required to change the collector-emitter voltage. It is primarily caused by 
collector-base feedback capacity. Qy is excess charge resulting from over- 
drive, i.e., operation in saturation. The carriers which result compromise 
Qy and are stored in the base and collector regions. | 


The charge required to turn a transistor ''on" to the edge of saturation is 
QI + Qy but to turn it off, the full charge Qs must be removed. Referring to 
the circuit of Figure 1, if the charge on the speedup capacitor Q7t equals the 
charge on the transistor Qs, then when point B is grounded turn-off would be 
immediate if transistor r'h were zero. In practice, point A is a more con- 
venient place to ground and Rg and r'p limits circuit speed. | 


A test circuit which measures Q7T is shown in Figure 2, C is adjusted to the 
minimum value which will produce a waveform similar to the one indicated by 
the solid trace in Figure 3. This will be where the "bumps" just disappear. It 
has not been established under this condition of turn-off that the charge QT on 
C actually equals the charge Qg, in the device, but Q7 certainly represents the 
charge necessary to control the turn-off of the transistor from a circuit de- 
signer's point of view. The charge is given by — 3 


Qp = C (Vi, - Vez) 


Using this relation, the designer may optimize C for any input voltage if Q7T at 
the desired operating point is known. | 


Vec 


TIME ——» 
Qy TEST CIRCUIT TURN-OFF WAVEFORM 
(PNP TRANSISTOR) 


FIGURE 2 FIGURE 3 - 


When making measurements with this circuit it is important that the input 
pulse be long enough to allow carrier equilibrium to be reached. One psec is 
long enough for VHF transistors. For greatest accuracy pulse instrumentation 
should have capability to at least. 15ns rise time and utmost care must be given 
to the selection and mounting of the R-C network and transistor socket. A low 
source impedance also makes the effects of capacitor adjustment easier to 
discern. | 


Charge measurements of representative silicon logic transistors are shown 
in Figure 4. It is evident that the low figures for the 2N834 permit faster 
switching in any given circuit since low charge means less current is required 
to switch the transistor in any given time. The curves also permit optimum 
values of speedup capacitors to be selected. 
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Qs IN PICOCOULOMBS 


tc (MA) 


FIGURE 4 
COMPARATIVE Q, 


Using too large a speedup capacitor will cause a slight reduction in response 
time but a heavy penalty will be paid in circuit recovery time which will limit 
pulse repetition frequency. 
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HIGH-POWER VARACTOR DIODES 
THEORY AND APPLICATION 


Conventionally speaking, when we refer to asemiconductor diode wenormally 
visualize a 2-terminal p-n junction operated in the forward conduction region 
(as a rectifier) or in the reverse avalanche region (as a zener diode). From 
this standpoint, the word diode applied to a varactor is actually a misnomer — 
for while the varactor is indeed a 2-terminal p-n junction, it operates neither 
as a rectifier, nor as an avalanche device. Rather, it operates principally in 
the region between forward conduction and reverse breakdown-— the very region 
in which a conventional diode is considered to be cut off. 


In this operating region the p-n junction can be represented by a capacitor in 
series with a resistor, Fig. 1. The capacitance, known as junction capacitance, 
is inherently associated with all p-n junctions and, while it represents an un- 
desirable parasitic in conventional diode operation, it is the specific mechanism. 
that permits the device to function as a varactor, or frequency multiplier. This 
is true because the capacitance value, as will be seen later, actually varies as 
a function of applied voltage and it is this factor that encourages the generation 
of harmonic frequencies. 


The resistor is the result of bulk 
and contact resistance of the semicon- C Rs 
ductor material. In varactor opera- OS 0>----- no 
tion this resistance is the primary 
parasitic affecting varactor quality. 
Great pains are takenin varactor de- 
Sign, therefore, to hold this resis- Figure 1 — Equivalent circuit of a varactor diode. 
tance value to an absolute minimum. 


HOW THEY WORK 


The cause and behavior of the junction capacitance can be determined from 
basic semiconductor theory, as follows: 


When a junction is formed between n-type and p-type material, there isa 
cross-migration of charges across the junction. Electrons from the n-region 
cross the junction to neutralize positive carriers near the junction in the p- 
region, and "holes" from the p-region cross the junction to neutralize the "ex- 
cess'' electrons near the junction inthe n-region. As a result of this migration, 
all free charged particles are swept out of the immediate vicinity of the junc- 
tion, creating a depletion layer" in the junction area, And, in the process, a 
contact potential or space charge (about 0.5V for silicon) appears across the 
junction, Fig. 2a. 
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This structure acts very much like a slightly charged capacitor, with the de- 
pletion layer representing the dielectric and the semiconductor material adja- 
cent to the depletion layer representing the two conductive plates. 


If an external voltage is connected across the p-n junction so as to reinforce 
the contact potential (reverse bias), the depletion layer increases, resulting in 
a capacitance decrease, Fig. 2b. If a forward voltage is applied, the deple- 
tion layer decreases, Fig. 2c. However, if the external forward voltage is 
made large enough to overcome the contact potential, forward conduction oc- 
curs and the capacitance effect is destroyed (except at very high frequencies, 


as discussed later). 


It is obvious, therefore, that the 
value of the junction capacitance is a 
function of the externally applied vol- 
tage, so longas the junction itself re- 
mains reverse biased. This relation- 
ship is as follows: 


y 
ee oI 27 


(l= V/¢)! (b+v)” 


where C = capacitance at voltage V 


C, = capacitance at zero bias 


V =voltage across the diode 
(reverse bias) 


¢@ = contact potential 


y = power law of the junction, 
determined by impurity 
gradient. 


A plot of this equation, Figure 3, 
shows that the capacitance - voltage 
relationship is nonlinear. Just how 
this condition is useful for frequency 
multiplication will be seen from the 
following derivation. 


Contact Potential 


Free Electrons 


Positive lons 


= Depletion Layer 
Capacitance 


Depletion 
Layer 


Figure 2 — (A) A representative p-n junction. The 
battery represents the contact potential which must 
be overcome before current can flow. Current car- 
riers act as capacitor plates and the depletion layer 
is the dielectric. 


Depletion Layer 
Widens Reducing 
Reverse Capacitance 


Figure 2 — (B) Reverse voltage forces carriers 
away from junction. This widens the depletion layer 
and reduces capacitance. 
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Assume that tne voltage across a 
capacitor is given by the well - known 
relationsnip . 


_ Q 
VEG 


where Q = the charge onthe capacitor 


C = the capacitance 


When a sinusodial current is applied 
to a capacitance 
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Depletion Layer 
Narrows Increasing 
Capacitance 


Sma 
Forward Bias 


Figure 2— (C) Forward voltage forces carriers 
closer to junction or across junction again changing 


Q = f idt capacitance. 
= f 1, sin , tat 
aT 
= A-—cosw,t (3) 
1 
where i = instantaneous current 
I, = maximum amplitude of the input current 
W, = ant, 
fy = input frequency 
A = constant of integration relating to the initial charge when time 


(t) = zero 


Substituting Equations (1) and (3) into 
Equation (2) yields 


Capacitance 


Voltage Contact 


Potential 


Figure 3 — Voltage-capacitance relationship for a 
typical varactor diode. 
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or, where V>> ? 


Ty 
A- ao cos wt 
V 1 1 


Y Y 
V $ Cc s 

The exponent y is a function of the impurity gradient of the p-n junction. It 
may vary from approximately 1/2, for step junctions, to about 1/6 for special 
graded junctions. If we consider the common case of a step junction, (y= 1/2) 
Equation (5) resolves to 


2 2 
ty 2 i . 2 
A - a. COs wt A’ - 2A D cos wt + (3 cos wt 
1 1 1 
VS SS (6) 
1/2 C C 2 
p O @ ~o 
Looking at each of the terms in Equation (6) we find that the voltage (V) 
2 
across the varactor consists of a dc term a , a fundamental component 
C 
d~O 
2 
/ I \ I 
dE aicengs L). eae? 
2A oD. cos | t o. COS aa t 
1 1 
5 ,» and the term 5 
C C 
d~O ~~O 


The latter, through trigonometric identities, expands to 


(z ) (5 +5 cos 2 wt) 


2 
$C, 


b] 


which reduces to another dc component plus a second harmonic component. 


Although quite simplified, the above derivations clearly show the generation 
of second harmonic voltages across the varactor diode. This second harmonic 
voltage can be used to produce power at that frequency simply by providing a 
path and a load for the second harmonic current. 


In the case of a step-junction device, the second harmonic is the only har- 
monic frequency directly available. While it is possible, through the use of 
graded junctions (vy < 1/2) to obtain higher harmonics directly, the second har- 
monic always predominates. In fact, it is normally more efficient to obtain 
higher harmonics by means of the doubling and mixing action of the varactor, 
through the use of idler circuits (see Fig. 4), than to try to obtain a desired 
higher harmonic directly. 


(1) Penfield & Rafuse, ''Varactor Applications’, MIT Press, Copyright 1962. 
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VARACTOR CHARACTERISTICS 


Band-Pass 
Filter 


Band-Pass 
Filter 


When operating as a frequency Load 


multiplier, the important varactor 

characteristics are: efficiency as a 

multiplier, power handling capability, 

ir ; i ; : Figure 4 — Simplified multiplier circuit illustrating 

and, ee Sore applications, linearity the use of an idler configuration to develop third 
of power output with changes in input and fourth harmonics. 

An idler circuit is simply a tuned filter which per- 

power. _ mits the flow of a harmonic current needed to gen- 

erate the desired output. If the third harmonic is 

desired, filter F, is tuned to the fundamental, idler 

ici F, is tuned to the 2nd harmonic, and F; is tuned to 

Efficiency the 3rd harmonic. To obtain the fourth harmonic, F, 


Source 


J 


rae , is simply tuned to the fourth harmonic and permits 
The efficiency of a varactor is a the flow of the doubled 2nd harmonic current. 


function of the cutoff frequency of the 
device which, in turn, is dependent on the diode quality factor (Q), defined as 


1 


25 2niCR, (7) 


From this, it is seen that Q is a function of both Rg andC. The ability to 
obtain a ‘high Q device is directly related to the ability to make Rg extremely 
low. The cutoff frequency is arbitrarily defined as that frequency at which 


Q = 1, or where ne = Ro. Accordingly, cutoff frequency is given as 
1. 
fo = WHR, " 


S 


Since both Rg and C are voltage dependent, it is obvious that fe, too, will 
vary with applied voltage. As reverse voltage increases, fe will also increase, 
This is important in a comparative evaluation of devices since, in order to ob- 
tain a valid comparison, the fe for the devices must be obtained at the same 
voltage. 


Now, for varactors with step junctions, the maximum obtainable efficiency 
may be approximated from the expressions: 


For input frequencies of 0. 01 f, or less, 


e=1- Kz (9) 
Cc 
For input frequencies of 0. 2 fe or higher, 
ag 
€ = B > (10) 
f, | 


where i, = cutoff frequency at V 


= 
iH) 


input frequency 
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K and B = constants whose values depend on the desired order of the har- 
monic. 


For doublers, K and B of Equations 9 and 10 are equal to 20 and . 0039 re- 
spectively. 


For triplers and quadruplers, K is equal to 35 and 62 respectively. 
From these equations itis evident that the theoretical efficiency of varactors 
is quite high at input frequencies of 0. 01 fc or less. | 


Power Handling Capability 


The relationship between power handling capability (Pr) and other varactor 
characteristics is given by 


2 
a oc Cy Vp (11) 
where Va = voltage breakdown of the junction 
c ac junction capacity at zero bias. 


The validity of this proportionality is evident from the fact that the input 
power is obviously proportional to the square of the input voltage swing, which 
is limited at one end by Vp and on the other by the permissible amount of for- 
ward conduction. If the voltage swing in the forward direction is very much 
smaller than Vp, it can be neglected, and the input power is approximately 
proportional to Vp2. 


For large power handling capability it is desirable to make Vp as large as 
possible (assuming that the signal source can provide the necessary voltage 
swing from Vg to approximately zero). This requires that the resistivity of 
the material near the junction (at least on one side of the junction) be high. Yet, 
a high resistivity leads to a relatively high Rg which, in turn, lowers the Q of 
the diode and, consequently, the efficiency. Therefore, varactor diode design 
normally is a compromise between high power handling capability and high 
efficiency. 


NEW VARACTOR DESIGN IMPROVES POWER HANDLING CAPABILITY 


Until recently most varactors for harmonic generator applications have been 
designed with step junctions and their characteristics closely follow the above 
discussion. Some improvement in performance has been observed in varactors 
of the 1N4386 type whose impurity profile, Fig. 5, differs considerably from 
that of the customary step-junction device. These improvements include: 

1) higher power handling capability at a given frequency, 


2) greater linearity of power output with changes in power input. 


The increase in power handling capability can be explained as follows: 


To increase Py, it is necessary to increase Vp which demands a higher re- 
Sistivity material at least on one side of the junction. If one attempts to in- 
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crease the resistivity of a step-junc- 
tion device, the value of Rg is in- 
creased significantly and efficiency 
is reduced accordingly. But, by em- _ Heavy 
ploying the impurity profile shown in Oe 
Fig. 5, the resistivity near the junc- 
tion can be made comparatively high 
without changing the average resis- 
tivity. Moreover, when reverse vol- 
tage is applied, the spread of the de- pa 
pletion layer into the high resistivity 
regions actually dissipates them, leav- 
ing only the extremely low resistivity 


Few 
we Impurities, 
Resistivity Resistivity 


portion of the material to contribute Figure 5 — Resistivity of 1N4386 is high near the 
to Rs. And, since the time that the junction and low near the lead contacts. When a 

ed a reverse voltage is applied the depletion layer rapidly 
varactor is in the reverse -voltage con- dissipates the high resistivity regions and thus, the 
dition is very large compared withthe average series resistance (R;) is low. 


time in the forward-biased condition, 

the average total series resistance . 

is substantially reduced despite the increase in resistivity at the junction anda 
resulting increase in Vg. 


By this means, it is possible to almost double the power handling capability 
of varactors over step-junction devices, without adversely affecting efficiency, 
at least as it is affected by Rg. 


It might be argued that the impurity profile used in the 1N4386 type should 
result in lower efficiency because the capacity-voltage law (y in Equation 1) is 
reduced to about a 1/5 power, thus reducing the degree of reactive nonlinearity. 
Indeed, this would result in alower efficiency of harmonic generation if it were 
not compensated by the reduction of series resistance described above. 


In addition there appears to be an added nonlinearity resulting directly from 
the parabolic graded impurity profile — the phenomenon of "'step-recovery". 
Not only does step-recovery make up for the reduced junction-capacity nonlin- 
earity, but it leads to a linear power output advantage when driven slightly into 
the forward bias region at the positive peak of the signal swing. 


Step-recovery is a result of charge storage — a familiar phenomenon in the 
application of semiconductor devices. When a p-n junction is forward biased, 
charged carriers from one region are injected into the other to form minority 
carriers in that area. If permitted to wander around in the area long enough, 
these minority carriers will combine with majority carriers and produce a 
current flow. The interval between injection and recombination is related to 
the minority carrier "lifetime" of the material. In the interval between the 
time of injection and recombination, these minority carriers are effectively 
stored charges contributing to junction capacitance. 


If the period of the applied forward voltage is less than the carrier lifetime, 
as is usually the case, most of the injected carriers can be brought back to the 
point of origin before recombination. Step-recovery comes about when the in- 
jected minority carriers are returned to the point of origin in a compact bunch. 
Sucha movement of carriers constitutes a current waveform as shown in Fig. 6. 
Because of the sudden cessation of reverse current when all of the carriers are 
returned to their original regions, the waveform is rich in harmonics which 
can be utilized as an added nonlinearity to enhance multiplier action. 
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The impurity profile of Fig. 7 en- 
hances step-recovery because the 
electric fields set up bythe steep im- 
purity gradient a short distance away 
from the depletion region keep the 
minority carriers close to the deple- 
tion layer, rather than permitting them 
to wander to random depths in the op- 
posite regions. Thus, when the vol- 
tage is reversed, they return to their 
point of origin in a compact bunch. 


The step - recovery phe- 
nomenon, which is not as 
pronounced in step junctions 
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Electric Field 


Figure 6 — When a forward voltage is applied, car- 
riers are injected across the junction. However, 
before they can combine and result in a de current 
flow, the applied voltage reverses and the carriers 
are returned to the point of origin in a bunch. This 
results in an abrupt cessation of reverse current 
and the waveform is rich in harmonics. 


because of the constant impurity level in such devices, provides an additional 
nonlinearity to the 1N4386 which contributes to harmonic generation. 


Step-recovery results also in ade- 
vice with more linear power charac- 
teristics because the percentage of 
harmonic current generation is not a 
function of signal level. It is only a 
function of the waveform and the 
abruptness of the decline of reverse 
current. And if self-biasing is em- 
ployed, the shape of the current wave 
remains constant over a considerable 
power input range. This leads to a 
more constant efficiency of harmon- 
ic generation as a function of sig - 


Compressed Compressed 
Depletion ‘a Depletion 
Layer Layer 


Impurity 
Profile for Step 
Recovery Diode 


Impurity 
Profile for Abrupt| 
Junction Diode 


Figure 7 — Comparison of the impurity profiles for 
a step recovery and step junction diodes. 


nal level than obtainable with devices dependent on junction-capacitance varia- 
tions alone. This is an important feature when using varactors in amplitude 


modulated circuits. 


VARACTORS vs TRANSISTORS 


In view of the fact that varactors provide no amplification, but merely 
convert an applied signal of one frequency to some higher frequency, one 
might logically ask, ''Why not use transistors to directly generate the de- 
sired signal?'' The answer to this is simply that there are no transistors 
that will provide the amount of power obtainable from varactors inthe VHF . 
and UHF regions. The best transistors today are limited to producing 


about 25 watts at 100 mc, and about 5 watts at 500 mc. Varactors, by con- 
trast, can supply about three times that amount of power at those frequen- 


cies. Moreover, many VHF and UHF transmitters demand crystal control, 
which requires a relatively low-frequency oscillator with subsequent fre- 
quency multiplication. And, as yet, no other device operates as efficiently 
as a varactor for this purpose. 


Even as transistors are improved, it is reasonable to assume that var - 
actor development will keep pace, so that the latter will remain well ahead 
of transistors in power-frequency capabilities. As aresult, it is antici- 
pated that the varactor will become an increasingly important component in 
high-power, high-frequency applications. 
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HARMONIC GENERATOR CIRCUITS 

Development of a varactor multiplier circuit is illustrated in Fig. 8. The 
basic premise, as shown in (a) is the conversion of a signal from a signal source 
to a harmonic current through the load (Ry,) by means of a varactor. The nec- 
essary considerations entail 1) provisions for the necessary current paths and 
associated filters, 2) proper matching of source to load, and 3) development of 


Suitable bias voltage for the varactor. 
a 


The first step in the design is the 
addition of suitable current paths, as 
a. Source, Varactor, Load —_b. Addition of Input and Output Circuits 


shownin (b). If the output is to be the 
second harmonic, filter Fy is tuned 
to the fundamental frequency, and Fo 
is tuned to the 2nd harmonic. In de- 
Signing the tuned circuits, the capaci- 
tance of the varactor must be taken 
into account. Since this varies over 
the applied signal cycle, the "average" 
varactor capacitance should be used. 
This can be approximated by the ca- 
pacitance value at one-third the vol- 
tage breakdown rating of the varactor 
(assuming a signal voltage swing from 
about Vp to some small positive value) 
Since this average capacitance varies 
with signal power, some circuit de- 
tuning occurs if input power is changed 
appreciably. This detuning effect is 
less pronounced with devices of the 
1N4386 structure than with step-junc- 
tion devices. 


If the desired load current is at 
the third or fourth harmonic, the con- 
figuration in (c) may be used. Here, 
F, is again tuned to the fundamental 
and Fo is an idler tuned to the 2nd 
harmonic. This permits fundamen- 
tal and 2nd harmonic current flow 


to mix in the varactor to provide a e. Addition of Input and Output Matching Capacitors 
voltage component of Fy, Fo, Fy + Figure 8 — Development of a harmonic generator 
2 circuit. 


Fj, and 2F»5 across the varactor. 
(even if F2 were omitted , 
there would be components of higher order harmonics, such as F3 and F4 
across the varactor, but, as mentioned previously, it is normally more effi- 
cient to employ a suitable addition or multiple of the fundamental and second 
harmonic.) Filter F3 is then tuned to the desired third or fourth harmonic so 
that only the desired current will flow through the load. 


Bias voltage for the varactor is obtained by shunting the varactor with a high 
value (around 100 K2) bias resistor, as in (d). Bias current is provided when 
the varactor is driven slightly into conduction at the peaks of the applied signal. 


Proper matching between source and load can be accomplished by adding 


matching capacitors as shown in (e). Tapped input and output coils could ac- 
complish the same purpose. 
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Obviously, the simple circuit developed in Fig. 8 can be improved upon from 
a performance standpoint. Higher-frequency, distributed-element circuits 
could be fabricated based on a circuit equivalent to Fig. 8. More complex fil- 
ters, such as double-tuned circuits, may be employed for greater bandwidth 
and better rejection of spurious signals. In practical applications, the final 
circuit almost always will be more complex. 


CHARACTERISTICS OF 1N4386 


The 1N4386 varactor was designed to handle efficiently more than 50 watts 
of input power with output frequencies up to 300 mc. Typical efficiency of the 
device as a function of power input at 50 mc (tripler operation) is shown in 
Fig. 9. Additional technical information can be obtained by writing to the Tech- 
nical Information Center, Motorola Semiconductor Products Inc., P. O. Box 
955, Phoenix, Arizona 85001. 


four = 150mc 

fin = 50mc 
80 
8 70 
2 60 
50 


10 20 30 40 50 60 
Power Input (Watts) 


Figure 9 — Typical efficiency vs power input curve 
for the 1N4386 ina tripler circuit. 


Ly, bg: 11 Turns #114 Wire, %” Dia. = C,, C3: 1-30 pf; C,: 0.5-12 pf 


L3: 3.5 Turns #114 Wire, %” Dia. . C2: 0.8-12 pf; Cs, Cy, C7: 0.5-10 pf 
L,, Ls: 4 Turns #14 Wire. %6” Dia. 


Figure 10 — 50-200 mc Varactor quadrupler 
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OPTIMIZING SCR TURN-OFF PARAMETERS WITH NEGATIVE BIAS 


Although it is not often discussed in the literature, almost all SCR's exhibit 
some degree of turn-off gain. a 


At normal values of anode current, negative gate current will not have suf- 
ficient effect upon the internal feedback loop of the device to cause any signifi- 
cant change in anode current. However, it does have a marked effect at low 
anode current levels where it can be put to advantage to modify certain device 
parameters. Specifically, turn-off time may be reduced and hold current may 
be increased. Reduction of turn-off time and increase of hold current are use- 
ful insuch circuits as inverters or in full-wave phase control circuits in which 
inductance is present. 


Negative gate current may, of course, be produced by use of an external bias 
supply. It may also be produced by taking advantage of the fact that during 
conduction the gate is positive with respect to the cathode and providing an ex- 
ternal conduction path such as a gate-to-cathode resistor. All Motorola SCR's 
are already constructed with a build in gate-to-cathode shunt, which produces 
a certain amount of negative gate current. Further change in characteristics, 
however, can be produced by use of an external shunt. Shunting does not pro- 
duce as much of a change in characteristics as does negative bias, since the 
negative gate current, even with an external short circuit, is limited. When 
using external negative bias the current must be limited, and care must be 
taken to avoid driving the gate into the avalanche region. 


All Motorola SCR lines show an improvement in turn-off time of about one- 
third by using negative bias up to the point where no further significant im- 
provement is obtained. The increase in hold current by use of an external 
shunt resistor ranges typically between 5 and 75 percent, whereas with nega- 
tive bias, the range of improvement runs typically between 2-1/2 and 7 times 
the open gate value. | 


In summary, it may be said that by use of negative gate bias, the turn-off 
time and hold current of Motorola SCR's may be improved significantly so that 
they may be used in higher frequency inverter circuits or in circuits in which 
higher residual currents are present. | | 
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